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REPORT

There is a general recognition that the existing housing stock represents the largest potential for energy
saving and greenhouse abatement in the residential sector. However, few studies have looked at how
inefficient existing houses actually are, the extent to which their level of energy efficiency can be
practically upgraded, or the cost and cost-effectiveness of doing this.

In 2009 Sustainability Victoria commenced a program of work to address these information gaps.
Through the On-Ground Assessment study data was collected from a reasonably representative sample
of 60 existing (pre-2005) Victorian houses and used to: determine the energy efficiency status of the
houses; identify the energy efficiency upgrades which could be practically applied to the houses; and, to
estimate the upgrade costs and energy bill savings which could be achieved. The results of this initial
work are published as The Energy Efficiency Upgrade Potential of Existing Victorian Houses [SV 2015].

The results presented in the On-Ground Assessment study report are estimates based on modelling,
using data collected from real houses and focussing on the energy efficiency upgrades which could be
practically applied to the houses. The next phase of our work on the existing housing stock has been to
implement energy efficiency upgrades in houses and assess the actual impacts achieved. Through the
Residential Energy Efficiency Retrofit Trials we have implemented key energy efficiency retrofits in
existing houses and monitored the impact to assess actual costs and savings, the impact of the
upgrades on the level of energy service provided, and householder perceptions and acceptance of the
upgrade measures. We also sought to identify practical issues which need to be taken into consideration
when these upgrades are implemented.

In this report we present the results of our Refrigerator Retrofit Trial study, in which we investigated the
impact on energy consumption of replacing older refrigerators with new refrigerators. The report is
based on a total of 21 refrigerator replacements in Australian (mainly Victorian) houses, with the data
drawn from two separate studies: A total of 7 refrigerators were replaced with high efficiency
refrigerators is Sustainability Victoria’s Retrofit Trial; in a separate study, undertaken by Lloyd Harrington
for his PhD research at the University of Melbourne, a total of 14 refrigerators were replaced, although in
the latter case the replacement was chosen by the householders and was not necessarily a high
efficiency model.

Refrigerators are found in the vast majority of Victorian houses, and are one of the main electricity using
appliances. SV’s On-Ground Assessment study estimated that replacing older inefficient 2-door
refrigerators with new high efficiency models would result in average energy savings of 347 kWh per
year for each refrigerator replaced, average greenhouse savings of 379 kg COz. per year, and average
energy bill savings of $97.1 per year for a payback of 12.5 years. This suggests that if all older
refrigerators in Victorian houses were replaced, this would result in Victoria-wide savings of around
589.7 GWh per year, greenhouse gas savings of 634.4 kt per year, and reduce total residential energy
bills by around $162.5 million per year.

Metering equipment was used to monitor the energy consumption of the refrigerators that were involved
in the two refrigerator replacement studies, as well as the ambient air temperature of the room in which
the refrigerators were located. This data was analysed by Lloyd Harrington of Energy Efficient
Strategies, to estimate the energy consumption of both the old existing and new replacement

1 To end 2015 we have trialled halogen downlight replacements, comprehensive draught sealing, pump-in cavity wall
insulation, gas heating ductwork upgrades, combined gas heating ductwork and gas furnace upgrades, window film
secondary glazing, pool pump replacements, heat pump clothes dryers, solar air heaters, external shading, halogen
downlight replacements combined with ceiling insulation remediation, gas water heater upgrades and some
comprehensive whole house retrofits.
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refrigerators over a full year, and therefore to calculate the energy savings achieved from the
replacements. For this report, Harrington used a sophisticated analysis methodology that he developed
as part of his research for a PhD at the University of Melbourne.

The Refrigerator Retrofit Trial study has shown that very significant energy savings can be achieved
when older inefficient refrigerators are replaced with new refrigerators, especially high efficiency models.
An average energy saving of 67.4% was achieved in SV’s Retrofit Trial houses, and an average energy
saving of 53.4% was achieved in the houses in Lloyd Harrington’s monitoring study, even though in this
case the householders selected the replacement refrigerator and this can be seen as essentially
“business as usual” behaviour.

A key reason for the significant energy savings achieved in both studies has been the mandatory
minimum energy performance standards (MEPS) for refrigerators implemented by Australian
governments through the Equipment Energy Efficiency Program. MEPS were first introduced in 1999
and made significantly more stringent in 2005, meaning that refrigerators that are more than 17 years
old have a much higher energy consumption than the average refrigerator sold today. This means that
significant energy savings will be achieved under “business as usual” as the stock of old refrigerators
gradually fail and are replaced with new models. The savings will be even higher if these older
refrigerators are replaced with new high efficiency models.

The analysis presented in this report shows that the annual energy consumption data provided on the
refrigerator Energy Rating Label tends to over-estimate their actual in-use energy consumption, and
therefore the energy savings that can be achieved from refrigerator replacements. The Labels were,
however, found to be quite a good predictor of the percentage energy savings that were achieved from
the replacements. The analysis methodology used in the report shows how energy and temperature
data collected from the operation of refrigerators in the field can be used to more accurately characterise
and model the actual in-use energy consumption of refrigerators. If similar data was collected as part of
laboratory testing for refrigerator energy labelling, this could be combined with internal temperature
profile data for different locations in Australia to provide more accurate energy consumption information
for consumers, possibly via website tools.
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This report is based on the analysis of data and information collected from houses where an older
existing refrigerator was replaced with a new refrigerator. The data was collected both from Victorian
houses as part of Sustainability Victoria’s Comprehensive Retrofit Trials (7 houses, in this case the new
refrigerator was a high efficiency model) and from field monitoring undertaken by Lloyd Harrington in 14
houses as part of his research for a PhD thesis at the University of Melbourne (most houses were in
Victoria, although in this case the replacement was not necessarily a high efficiency model). We would
like to especially thank these households for their participation in the study by allowing access to their
houses to enable monitoring and data collection to be undertaken. In the case of the SV houses, we
would also like to thank them for allowing their existing refrigerator to be replaced with a new high
efficiency refrigerator, and for participating in qualitative surveys before and after the retrofits were
undertaken.

Sustainability Victoria contracted both the Moreland Energy Foundation Limited (MEFL) and
EnviroGroup Australia Pty Ltd to manage household recruitment and liaison, on-site data collection,
manage the refrigerator retrofits and to prepare a brief project report for the Comprehensive Retrofit
Trials. This was a series of trials run in 2013, 2014 and 2015. In particular we would like to thank
Matthew Sullivan of MEFL, and Ryan Mosby of EnviroGroup, who were the respective project
managers for their organisations for these trials.

Sustainability Victoria also engaged Energy Efficient Strategies (EES) to undertake a detailed analysis
of the refrigerator data collected from all houses, and we would like to thank Lloyd Harrington of EES for
his contribution to the project. Lloyd’s expertise in the analysis of refrigerator data collected in the field
has enabled us to estimate the annual energy savings achieved by the refrigerator replacements. It has
also allowed us to better understand how refrigerators perform in the field, and the different components
of energy consumption that contribute to overall refrigerator energy consumption. We would also like to
thank Lloyd Harrington for his generosity in making data on an additional 14 refrigerator replacements
available for this study.

We have acknowledged the different organisations which were involved in the Refrigerator Retrofit Trial
below.

Project conception, design &

funding, and project oversight Sustainability Victoria

Lead contractor / project manager MEFL (2013) / EnviroGroup Australia Pty Ltd (2014 & 2015)

Household recruitment and liaison MEFL (2013) / EnviroGroup Australia Pty Ltd (2014 & 2015)

Data collection and householder MEFL (2013) / EnviroGroup Australia Pty Ltd (2014 & 2015)

surveys
Installation of the metering MEFL (2013) / EnviroGroup Australia Pty Ltd (2014) / Energy Efficient
equipment Strategies (2015)

Refrigerator replacement MEFL (2013) / EnviroGroup Australia Pty Ltd (2014 & 2015)

Project implementation report MEFL (2013) / EnviroGroup Australia Pty Ltd (2014 & 2015)
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Analysis of data

Lloyd Harrington (Energy Efficient Strategies)
Additional data analysis by Sustainability Victoria

Preparation of final report

Sustainability Victoria with significant input from Lloyd Harrington
(Energy Efficient Strategies)

Front cover photographs

Michael Tibbs, Sustainable Buildings Research Centre, University of
Wollongong
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ABS
Approx.
Av.

CEC
COz.
°C
Diff.
EES
Elec.
Est.
Ex.
GHG
IEC

kt
kw

kWh

GWh

MEFL
MEPS
MJ
No.
OGA
PJ
Ref
SV
Temp.

Wh
Yr(s)
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Australian Bureau of Statistics
Approximately

Average

cents

Comparative Energy Consumption
Carbon dioxide equivalent
Degrees Celsius

Difference

Energy Efficient Strategies
Electricity

Estimated

Excluding

Greenhouse gas

International Electrotechnical Commission

Kelvin. This is the standard metric unit of temperature. 1 K is equivalent to 1°C.
Differences in temperature are normally expressed in Kelvin, however for simplicity
in this report we generally express differences in temperature in degrees Celsius.

Kilotonne (1 kt = 1,000 Tonnes)
Kilowatt, used to measure electrical power consumption (1 kW = 1,000 Watts)

Kilowatt-hour, used to measure electrical energy consumption. (1 kwh = 1,000 Wh
=3.6 MJ)

Giga-watt hours (1 GWh = 1,000,000 kWh)

Litres

metres

Moreland Energy Foundation Limited

Minimum energy performance standards

Megajoule, used to measure energy consumption

Number

On-Ground Assessment

Petajoule, used to measure energy consumption (1 PJ = 1,000,000,000 MJ)
Reference

Sustainability Victoria

Temperature

Watts, used to measure electrical power consumption
Watt-hour, used to measure electrical energy consumption
Year(s)
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Ambient air temperature

Ambient temperature
response

Adaptive defrost

Adjusted volume

Automatic defrost

Base defrost energy

Coefficient of

Performance (COP)

Comparative Energy

Consumption

Compressor

Cyclic defrost
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In this report this is the temperature (in °C) of the room (or space) in which
the refrigerator is located.

This is a function which describes the steady state power consumption of
a refrigerator at different temperatures over the range of ambient air
temperatures that the refrigerator would normally be exposed to. Steady
state operation occurs when there is a constant air temperature and no
door openings or defrosting.

Also referred to as variable or smart defrost. This is a type of automatic
defrost where the interval between defrost cycles is adjusted and
optimised by an electronic controller that takes into account ambient air
temperature, compressor run time, door openings and defrost heater on
time.

This is the volume of the fresh food compartments of a refrigerator (in
litres) plus 1.6 times the volume of the freezer compartment (in litres) in
accordance with the Australian and New Zealand standard
AS/NZS4474.2.

The defrost cycle of the refrigerator is initiated automatically and requires
no action by the householder. Water from any melted ice is disposed of
automatically.

This is the energy consumption required for the automatic defrosting of a
refrigerator when it is operating under normal steady state conditions,
without any user interaction.

This is the ratio of the cooling output (or heat load removed from the
refrigerator cabinet) of a refrigeration system (in Watts) to the power
consumption of the refrigeration compressor (in Watts).

For a refrigerator this the “Energy consumption” figure printed in the red
box in the middle of the Energy Rating Label that shows the annual
energy consumption of the refrigerator (in kWh per year) when tested in a
laboratory to AS/NZS4474.1.

This is the key component of the refrigeration system that drives the
vapour compression cycle, and is the main energy consuming component
of a refrigerator. In the compressor the refrigerant gas is compressed to a
high pressure, raising the temperature of the gas before it passes into the
condenser.

This is a type of automatic defrost where the refrigerated surfaces in the
fresh food compartment of a refrigerator are automatically defrosted after
each compressor cycle. Where a freezer compartment is present, this
needs to be manually defrosted by the user.

11



Defrost(ing) cycle

Defrost interval

Defrost(ing) frequency

Defrost run time

Frost free

Gross volume

Manual defrost

Reference annual
temperature

Recovery cycle

Refrigeration load

Refrigerator

Specific energy

REPORT

This describes the period of time during which automatic defrosting takes
place, and is distinct from the normal steady state operation of the
refrigerator. During this period there may be a pre-cooling phase (longer
period of compressor operation to lower the refrigerator temperature), a
phase where the compressor switches off and the defrost heater operates
to melt any ice on the evaporator, and a recovery cycle when the
compressor operates to bring the refrigerator back down to normal
operating temperature.

This is the period of time (in hours) between defrost cycles.

This is one divided by the defrost interval, usually expressed as defrosts
per day.

This is the time (in hours) of compressor “on” time that is used to initiate a
defrost cycle. It is a parameter used for products that utilise a run-time
defrost controller.

This is a type of automatic defrosting where the cooled air is circulated by
a force air system (e.g. a fan) so that frost cannot form permanently on
refrigerated surfaces of stored foodstuffs.

This is the total volume (in litres) enclosed inside the refrigerator cabinet
as defined in AS/INZS4474.1. Not all of this gross volume can be utilised
by the user for the storage of foodstuffs.

The householder is required to switch off the refrigerator to allow any ice
to melt, and manually remove any melted ice.

This is the estimated average room temperature (in °C) for the space in
which a refrigerator is located, based on monthly average data for the
whole year.

This is the first compressor cycle after the defrost heater turns off that
brings the refrigerator back down to normal operating temperature. Some
refrigerators may take several cycles to reach normal operating
temperature, especially if there is some user load than needs to be
removed.

This refers to heat loads (or heat entry) into a refrigerator compartment,
which then needs to be removed by the refrigeration system. This can
include heat energy through the refrigerator cabinet, heat entry when the
door is opened, and the heat content of food and drinks that are placed
inside the refrigerator. It also includes the energy associated with
condensing excess water vapour and formation of frost, where applicable.

In this report we use this term to describe both 1-door refrigerators (e.g.
no separate freezer compartment) and 2-door refrigerator/freezers.

This is the annual energy consumption of a refrigerator divided by its
adjusted volume, based on testing to AS/NZS 4474.1.

12



Total defrost energy

User induced defrost

energy

User interaction(s)

Vapour compression
cycle
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This is the base defrost energy plus the user induced defrost energy.

This is the additional energy consumption for defrosting that is due to user
interactions with the refrigerator, such as door openings and placing food
and drink items inside the refrigerator.

This includes door openings and placing (or removal of) food and drink

items inside the refrigerator. These user interactions place an increased
heat load on the refrigerator and also increase the energy consumption

required for defrosting (due to increased frost accumulation).

This describes the operating cycle of the heat pump technology that is the
core element of a refrigerator. The heat pump comprises a compressor,
condenser, flow regulator, and evaporator connected by refrigerant piping.
The refrigerant gasses flow around this refrigeration circuit to shift (or
pump) the heat from inside the refrigerator and reject it to the room air.

13



REPORT

Background to the trial

There is a general recognition that the existing housing stock represents the largest potential for energy
saving and greenhouse abatement in the residential sector. However, few studies have looked at how
inefficient existing houses actually are, the extent to which their level of energy efficiency can be
practically upgraded, or the cost and cost-effectiveness of doing this.

In 2009 Sustainability Victoria commenced a program of work to address these information gaps.
Through the On-Ground Assessment (OGA) study data on the building shell, lighting and appliances
was collected from a reasonably representative sample of 60 existing (pre-2005) stand-alone Victorian
houses and used to: determine the energy efficiency status of the houses; identify the energy efficiency
upgrades which could be practically applied to the houses; and, estimate the upgrade costs and energy
bill savings from implementing the upgrades.

Through the OGA study we assessed the cost-effectiveness of a total of 21 different building shell,
lighting and appliance upgrades which could be applied to the 60 existing houses which participated in
the study. The results of this analysis are summarised in Table 1 below [SV 2015] — the results have
been normalised to show the estimated average annual savings and costs for the 60 houses studied. In
the OGA study it was estimated that the existing refrigerator or freezer could be replaced in 87% of the
houses, resulting in average annual energy savings of 1,202 MJ per year (or 334 kWh per year) across
the stock of 60 houses studied, average greenhouse savings of 365 kg CO.-. per year, and average
energy bill savings of $93.5 per year for a payback of 11.8 years. Where the replacement of 2-door
refrigerators was modelled the average annual energy saving was estimated to be 1,249 MJ per year
(or 347 KWh per year) per refrigerator replaced, average greenhouse savings 379 kg CO-.. per year,
and an average energy bill saving $97.1 per year for an average payback of 12.8 years.

FIGURE 1: AVERAGE CEC OF 2-DOOR REFRIGERATORS SOLD IN VICTORIA / TASMANIA 1993 TO 2014?
1,800
1,600
MEPS1 MEPS2
1,400
1,200

1,000

800

Average CEC (kWh/Yr)

600

400

200

1993
1994
1998
1999
2000
2004
2005
2006
2008
2009

1995
1996
1997
2001
2002
2003
2007
2010
2011
2012
2013
2014

Group 4 Group 5T Group 5B Group 5S

2 CEC = the annual electricity consumption of the refrigerator (kWh per year) from the refrigerator Energy Rating
Label. Group 4 = cyclic defrost (very few of these are now sold); Group 5T = frost free with top mounted freezer;

Group 5B = frost free with bottom mounted freezer; Group 5S = frost free, side-by-side.
14
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LF Shower Rose  56.7% 1333 69 1402 95 $57.9 $48.8 0.8
g;'!;)g Insulaton 1 1 74 958 32 990 64 $19.3 $78.6 41
Lighting 93.3% - 1202 1202 365 $935 $5358 5.7
Draught Sealing ~ 98.3% 7809 221 8030 496 $1539  $10198 6.6
Clothes Washer  55.0% 135 16 152 12 $24.9 $1009 77
X;Le;:egz T 583% 460 1004 1463 330 $58.2 $4773 82
Z?%':jt')nswat'on 33.3% 1630 68 1608 111 $33.8 $2782 82
Heating 80.0% 6230 215 6454 411 $1259  $1,1106 88
Refrigerator 86.7% - 1,202 1,202 365 $93.5 $1,103.7 11.8
\Fjsg:‘ilz:;”bﬂoor 21.7% 589 12 601 36 $11.2 $166.7  14.9
SealWall Cavity ~ 50.0% 903 24 927 57 $17.6 $2704 153
v 95.0% - 696 696 273 $54.1 $9643  17.8
Ceiling Insulation 5 4y, 853 22 875 54 $16.6 $3353 202
(Top Up)

EZﬂ;Tg:r 40.0% 1803 10 1813 102 $32.4 $7847 243
Dishwasher 433% - 112 112 34 $10.4 $2581 249
ﬁ:’;:‘izager T 0% - 353 353 107 $275 $7277 265
Cooling 40.0% - 160 160 49 $125 $4648  37.3
Wall Insulation 95.0% 5283 130 5412 331 $1025  $39587 386
Drapes & Pelmets  100.0% 2,209 54 2,263 139 $42.9 $2,035.9 475
Double Glazing ~ 100.0% 2278 66 2344 146 $45.0 $12,145 270
External Shading 31.7% - 9 9 3 $0.7 $463.6 694
Total (ex Double Glazing) 30,203 5,610 35,813 3,434 $989 $15,274 15.4
Total (ex Drapes) 30273 5621 35894 3441 $991 $25383 256

Note that energy bill savings in Table 1 are based on a gas tariff of 1.75¢/MJ, and electricity tariffs of 28c/kWh (peak) and 18c/kWh (off peak).
Savings for low flow (LF) shower rose, washing machine and dishwasher also include water bill savings. The upgrade measures have been
costed based on commercial rates and do not include any government incentives which might be available. Building shell upgrades, low flow
shower rose and lighting costs are the full upgrade cost. Appliance upgrade costs are ‘adjusted’ to take into account the age of the appliance — full
cost is used if the existing appliance is new, the cost difference between the high efficiency and average new model is used if the existing
appliance is at or past its average lifetime, with a linear interpolation used between.

Refrigerators are a ubiquitous appliance in our homes and are one of the main areas of residential
electricity consumption. In Victoria virtually all households (99.9%) have at least one refrigerator [ABS
2014]. Around 26.7% of households have two refrigerators, and around 2.9% have three or more. The
average ownership is 1.3 refrigerators per household. [ABS 2011] The refrigerators sold in Victoria (and
in Australia generally) have been much more energy efficient since 2005, when the second round of
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refrigerator minimum energy performance standards® (MEPS2) was introduced. Figure 1 shows the
sales-weighted average Comparative Energy Consumption (CEC) of 2-door refrigerators sold in Victoria
and Tasmania since 1993, or the estimated annual energy consumption of the refrigerators (in kWh per
year) shown on the refrigerator Energy Rating Label* [E3 2016]. It can be seen that the average CEC
has declined significantly since the early 1990s, first to meet the MEPS1 standards introduced in 1999,
and then to meet the MEPS2 standards introduced in 2005. The largest reduction in average CEC has
occurred for the 2-door side-by-side (Group 5S) refrigerators. The average CEC of all 2-door refrigerator
types has largely flat-lined since 2006, and seems unlikely to decrease significantly until the next round
of refrigerator MEPS are introduced®.

Refrigerators that are more than 17 years old are likely to have a much higher energy consumption than
the new refrigerators sold today, especially the high efficiency models, meaning that the old refrigerators
potentially provide a good energy saving opportunity when replaced by a new model. Around 15% of the
60 2-door refrigerators found in the OGA study houses were more than 17 years old, and around 4%
were more than 20 years old. Overall the 2-door refrigerators found in the OGA study houses were quite
inefficient, with more than 30% having an Energy Rating of less than 1 Star, based on the current (2010)
energy rating scale. [SV 2015] Based on the results of the OGA study we estimate that if all old existing
refrigerators in pre-2005 Victorian houses were replaced with new high efficiency refrigerators this would
result in Victoria-wide electricity savings of 589.7 GWh per year, greenhouse gas savings of 634.4 kt per
year, and reduced total residential energy bills by around $162.5 million per year.

The next phase of Sustainability Victoria’s work on existing houses has been to trial retrofit measures
and assess the actual impacts achieved. Through the Residential Energy Efficiency Retrofit Trials we
have implemented key energy efficiency retrofits® in existing houses and monitored the impacts to
assess actual costs and savings, the impact of the upgrades on the level of energy service provided,
and householder perceptions and acceptance of the upgrade measures. We also sought to identify
practical issues which need to be taken into consideration when these upgrades are implemented.

As part of the Retrofit Trials we have investigated the replacement of older existing refrigerators with
high efficiency new refrigerators. While we have not undertaken a dedicated refrigerator retrofit trial,
older refrigerators have been replaced with high efficiency new refrigerators in a total of 7 houses as part
of the Comprehensive Retrofit Trial project’. In addition to this, for this study Energy Efficient Strategies
(EES) has generously made available data on refrigerator replacements collected from a further 14
houses as part of Lloyd Harrington’s research for a PhD thesis at the University of Melbourne, allowing a
more comprehensive assessment of refrigerator upgrades to be made. The main difference between

3 Minimum energy performance standards were first introduced in 1999 (MEPS1) and made much more stringent in
2005 (MEPS2). MEPS regulations set mandatory minimum efficiency levels, and it is illegal to sell products that are less
efficient than this level.

4 The data in this graph is from the report Whitegoods Efficiency Trends — A Report into the Energy Efficiency Trends of
Major Household Appliances in Australia from 1993 to 2014 [E3 2016], and is based on the analysis of Gfk sales data.
Further data on Victorian refrigerator sales from this report is summarised in Appendix Al.

5 These are currently scheduled for 2019, although a Regulation Impact Assessment process must first be undertaken
before a decision to introduce more stringent regulations is made the by COAG Energy Council.

6To end 2015 we have trialled halogen downlight replacements, comprehensive draught sealing, pump-in cavity wall
insulation, gas heating ductwork upgrades, combined gas heating ductwork and gas furnace upgrades, window film
secondary glazing, pool pump replacements, heat pump clothes dryers, solar air heaters, external shading, gas water
heater upgrades, halogen downlight replacements combined with ceiling insulation remediation and some
comprehensive whole house retrofits.

7 Under this project comprehensive (building shell, lighting and appliance) retrofits have been undertaken in a total of
14 houses. While the main focus of the upgrades was on insulation, draught sealing and heating system upgrades,
some additional appliance upgrades, including refrigerators, were undertaken in some houses. The results of the

comprehensive retrofit trials will be provided in future case studies and reports.
16



REPORT

the two data sets is that the SV data is based on using a high efficiency refrigerator as the replacement
for an existing refrigerator, while the EES data is based on refrigerators that were replaced when the
existing refrigerator failed or was replaced for some other reason, and the replacement refrigerator was
chosen by the householders and was not necessarily a high efficiency model.

A key reason to undertake more detailed study of refrigerator replacements was that the replacement of
older refrigerators has potentially large energy savings, especially where the refrigerators are very old (>
20 years), and/or are of an inherently inefficient type (e.g. older side-by-side refrigerators). The
replacement of an old existing refrigerator with a new high efficiency refrigerator is eligible to receive a
financial incentive under the Victorian Energy Efficiency Target (VEET) Scheme?®, and where accessed
this incentive will reduce the cost of purchasing a high efficiency new refrigerator further.

How Sustainability Victoria’s retrofit trials were undertaken

Sustainability Victoria’s refrigerator retrofit data was collected as part of the Comprehensive Retrofit Trial
project, with data collected from three houses in 2013, two houses in 2014 and two houses in 2015. The
2013 project was managed by Moreland Energy Foundation Limited (MEFL), and the 2014 and 2015
projects were managed by EnviroGroup Pty Ltd. The retrofit trials involved a number of key steps:

e The households were recruited to participate in the trials by either MEFL or EnviroGroup.
The houses were assessed to identify a package® of energy efficiency upgrades that could
be applied to the houses, including building shell, heating system, lighting and appliance
upgrades. In seven of the houses the replacement of an old refrigerator with a new high
efficiency refrigerator was selected as part of the upgrade package. Details of these houses
are provided in Chapter 3;

e Metering equipment was installed to monitor the operation of the refrigerators. A plug-in
power meter and data logger was used to measure the average power consumption of the
refrigerators. In 2013 a 1-minute logging interval was used and in 2014 and 2015 a 2-
minute logging interval was used. The meters were generally installed in late May, and
removed some time during September, with the refrigerator retrofits undertaken around
early to mid-July;

¢ Brief householder surveys were conducted before and after the retrofits were undertaken.
These were used to collect information on the householder’s level of satisfaction with the
performance of the refrigerator, and any noticeable impacts of the retrofits;

e The existing refrigerators were replaced with a new high efficiency refrigerator some time
from early to mid-July;

e All surveys, data and images collected during the retrofit trials were provided to
Sustainability Victoria. Sustainability Victoria engaged Lloyd Harrington of Energy Efficient

8 Also known as the Energy Saver Incentive Scheme. Under this scheme the Victorian Government places an obligation
on electricity and gas retailers to assist energy consumers to save energy and reduce greenhouse gas emissions by
implementing a range of eligible energy efficiency activities. The lifetime greenhouse abatement from these activities
is recognised through the generation of VEET certificates, which can be sold to liable retailers to generate a financial
incentive for consumers. Both the removal of an existing refrigerator manufactured before 1996 and the purchase of a
new high efficiency refrigerator (at least 2.7 Stars for 2-door refrigerators) are eligible to generate certificates. A
typical replacement could generate around 3 to 5 certificates if incentives for both removal of an old refrigerator and
replacement with a high efficiency model are accessed, and at a certificate price of $20 this will generate an incentive
of $60 to $100. For further information on the VEET Scheme refer to
https://www.veet.vic.gov.au/Public/Public.aspx?id=Home

% The total cost of the comprehensive retrofit package was around $12,000 to $13,000, with up to $10,000 contributed
by Sustainability Victoria, and $2,000 to $3,000 contributed by the householders. The aim was to identify the best
package of upgrades that would fit within this cost envelope.
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Strategies to analyse the data to help identify the impacts of the refrigerator retrofits,
including estimating the energy savings which could be achieved over a one-year period.

Refrigerator replacement data collected by Energy Efficient Strategies

As part of his research for a PhD thesis at the University of Melbourne, Lloyd Harrington of Energy
Efficient Strategies has collected energy consumption data for around 300 refrigerators in various
locations around Australia over the period 2011 to 2015. Most sites were monitored for periods of 6 to
12 months in order to understand the seasonal variation in refrigerator energy consumption. Given that
the estimated lifetime of refrigerators is approximately 15 to 20 years, it is expected that around 5 units
per 100 refrigerators would be replaced due to failure during any given year. In practice, about 12
refrigerators were replaced due to failure during the monitoring period. In a number of other cases,
refrigerators which had been previously monitored were replaced and the new refrigerator was then also
monitored for a period*.

Energy Efficient Strategies has generously made available data from an additional 14 houses where
refrigerators were replaced (referred to as EES refrigerators in this report). Details of these houses are
provided in Chapter 4. Most of these replacements occurred during routine field monitoring, and in
virtually all cases were not planned. The householders selected the replacement refrigerator. The data
from these additional refrigerators provides a bigger control sample than the SV data set against which
to assess energy savings from refrigerator replacements. However, these replacements were
uncontrolled, in the sense that the monitoring period before and after the refrigerator replacement was
variable, and the time of year when the appliance was replaced was random. The existing appliances
were often, but not always, fairly old. The replacement refrigerators were not necessary the most
efficient products available on the market - unlike the Sustainability Victoria retrofits, which generally
selected high efficiency appliances - so energy savings could potentially have been higher in some
cases. In most cases it is possible to make reasonable assessments of the annual energy consumption
before and after the replacement, so the energy savings estimates for the EES refrigerators are
considered to be robust in almost all cases.

In addition to the refrigerator data collected from SV’s Comprehensive Retrofit Trials, Lloyd Harrington
analysed the data from the 14 additional refrigerator replacements collected as part of his field
monitoring studies. The results of the analysis are presented in this report, and a detailed description of
the methodology used by EES is provided in Appendix A2.

Overview of the report
In Chapter 2 we provide an overview of how refrigerators work and the factors that influence refrigerator
energy consumption.

In Chapter 3 we provide the results of the analysis of the refrigerator retrofits undertaken as part of SV’s
Retrofit Trial, and in Chapter 4 we present the results of the analysis of the refrigerator replacements
collected from Lloyd Harrington’s monitoring studies. In Chapter 5 we present our summary and
conclusions.

More detailed data and analysis is presented in the Appendices. Appendix Al provides an overview of
the market for 2-door refrigerators in Victoria / Tasmania over the period 1993 to 2014. Appendix A2
provides a detailed description of the methodology that Energy Efficient Strategies used to analyse the
Retrofit Trial data. Appendix A3 presents the detailed results from the householder surveys. Appendix
A4 presents the monitoring results for the individual houses.

101t is understood that many of the replaced refrigerators were scrapped, but some were kept in service and passed
on to family or friends. None of the 40 or so separate freezers monitored over 2011 to 2015 appear to have been

replaced during monitoring (or subsequently).
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Introduction

In this chapter we provide an overview of how refrigerators work and the key factors that influence
refrigerator energy consumption. The chapter is largely based on the report prepared for Sustainability
Victoria by Lloyd Harrington of Energy Efficient Strategies [EES 2016]*L.

How refrigerators work

Domestic refrigerators are used to store fresh food, drinks and condiments at a low temperature to
extend their shelf-life and maintain food safety. This might be in a fresh food compartment (typically at
around 3°C to 4°C) for relatively short-term storage, or in a freezer compartment (typically at -15°C to -
18°C) for longer term storage. The freezer compartment can also be used to make ice for drinks, and
some refrigerators have dedicated ice-making units. The fresh food compartment of the refrigerator may
contain a number of sub-compartments — e.g. chiller, crisper, meat keeper, cellar, etc. —that can be
used for storing certain types of food.

A basic schematic diagram of a domestic refrigerator is shown in Figure 222, It consists of an insulated
cabinet with at least one door fitted with rubber seals that achieve a fairly tight seal when the door is
closed, to stop the cold air inside leaking out. The main function of the refrigerator is to cool the air and
food and drinks inside the refrigerator compartments to the required temperature, and for this a heat
pumps system is used (see below). Heat can flow into the refrigerator from the surrounding air through
the cabinet walls, can be present in the food, drinks and water placed inside the refrigerator, and warm
air can enter the refrigerator to replace the cold air which falls out when the refrigerator door is opened.
Heat is extracted from inside the refrigerator cabinet by the “evaporator” component of the heat pump
system and is rejected to the ambient air in the room in which the refrigerator is located*?.

FIGURE 2: SCHEMATIC DIAGRAM OF A REFRIGERATOR
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11 some edits have been applied for clarity, consistency and brevity, but the information provided is essentially the
same.

12 Djagram courtesy of Lloyd Harrington of Energy Efficient Strategies.

13 This simplified description of how a refrigerator operates is based on a more detailed description provided by Lloyd

Harrington of Energy Efficient Strategies from an extract from his PhD thesis for the University of Melbourne.
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This heat pump system extracts the heat from inside the refrigerator cabinet and uses a vapour
compression cycle to shift, or pump, the heat outside the refrigerator cabinet and reject it to the room air.
The key elements of the heat pump system are the “evaporator” (located inside the refrigerator cabinet),
the “condenser” (located outside the refrigerator cabinet), and the “compressor” which is driven by an
electric motor and is the main energy using component of the refrigerator. These elements are
connected by a refrigeration circuit, as shown in Figure 34,

FIGURE 3: HEAT PUMP SYSTEM FOR A REFRIGERATOR
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In the compressor the refrigerant gas is compressed to a high pressure, raising the temperature of the
gas, and this heat is then rejected to the room air as it passes through the condenser and the refrigerant
turns into a warm liquid a high pressure. In older style refrigerators the condenser was visible as the
lattice of black piping located at the back of the refrigerator, but in modern refrigerators this piping is
usually hidden under the outer skin of the refrigerator cabinet (which is warm to touch when the
compressor is operating). After passing through the condenser, the high pressure cooled refrigerant
liguid then passes through a flow regulator into the low pressure chamber of the evaporator, where the
rapid pressure drop causes it to evaporate (or boil) into a cold gas, strongly cooling the surface of the
metal evaporator which, in turn, draws heat from the refrigerator compartment. A range of different
evaporator types are used, depending on the refrigerator type. From the evaporator the refrigerant
gasses then pass back to the compressor to complete the vapour compression cycle'®.

In practice most refrigerators are more complicated than this simple description would suggest. As noted
above, they may have both a fresh food and freezer compartment with different temperature
requirements, and there may be a number of sub-compartments. In addition to the energy used to drive
the compressor, small heaters may be embedded in the evaporator and used for defrosting, or may be
used to balance compartment temperatures or to prevent condensation around door seals. Frost-free
refrigerators use small fans to circulate air, and electricity will also be used to power electronic controls
and lighting.

14 Diagram courtesy of Lloyd Harrington of Energy Efficient Strategies.
15 This simplified description of how a refrigerator operates is based on a more detailed description provided by Lloyd

Harrington of Energy Efficient Strategies from an extract from his draft PhD thesis for the University of Melbourne.
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Refrigerator Energy Rating Label

In Australia and New Zealand, domestic refrigerators and freezers are required to display an Energy
Rating Label when they are sold (see Figure 4). The labels use a “star rating” in the red band at the top
of the label to allow consumers to easily compare the energy efficiency of different models which are of
the same type. The higher the star rating the more energy efficient the refrigerator, and therefore the
lower the running cost and greenhouse gas emissions — a one star increase on the label corresponds to
a 23% reduction in energy consumption. The labels also contain a Comparative Energy Consumption
figure in a red block in the middle of the label (also referred to as the CEC), which shows the tested
annual energy consumption of the refrigerator in kWh per year. This is intended to allow consumers to
compare the annual energy consumption (and therefore annual energy costs) of different models.

FIGURE 4: REFRIGERATOR ENERGY RATING LABEL
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The information presented on the Energy Rating Label is based on laboratory testing undertaken to the
Australian and New Zealand Standard AS/NZS 4474.1 - 2007 Performance of household electrical
appliances — refrigerating appliances, Part 1: Energy consumption and performance. In addition to some
tests relating to refrigeration performance, this standard sets out the procedure used to measure the
daily energy consumption of domestic refrigerators, and to therefore calculate the annual Comparative
Energy Consumption figure used on the label. The detailed testing requirements are set out in AS/NZS
4474.1. The key features of the energy consumption test are that the refrigerator is located in a test
room with an ambient air temperature of 32°C, and temperatures of 3°C (or lower) are required for the
fresh food compartment and -15°C (or lower) for the freezer compartment. The refrigerator is then
operated without any refrigeration loads (e.g. food and drink), and without any door openings, for a
period that is long enough to include it's normal operating characteristics (e.g. defrosting), and the
measured energy consumption is used to calculate the energy consumption over a 24 hour period and
therefore the annual energy consumption. This test is intended to give a measured energy consumption
that is comparable with what will be experienced under normal operating conditions.

The annual energy consumption figure from the AS/NZS 4474.1 test for a particular model is combined
with data on the gross capacity (or volume in litres) of the fresh food and any freezer compartments to
determine the adjusted volume of the refrigerator to assess its compliance with mandatory minimum
energy performance standards (MEPS), and to determine the star rating that is used on the Energy
Rating Label.

21



REPORT

AS/NZS 4474.1 covers domestic refrigerating appliances that could be refrigerators, refrigerator-
freezers, or freezers with the different types being described by Group numbers. The different Group
types are shown in Table 2. In this report we are mainly concerned with 2-door refrigerator/freezers
(Group 4 or Group 5), although in a few cases 1-door refrigerators were either being used as the
existing refrigerator or were used as the new replacement one. In the majority of cases the new
replacement refrigerator was a 2-door frost free refrigerator/freezer, the main type of refrigerator that is
now sold. (Note that for simplicity in this report we use the term “refrigerator” to refer to either a 1-door
refrigerator or 2-door refrigerator/freezer, although where relevant we provide information on the Group
type of the refrigerators that were studied.)

1 1-door refrigerator, automatic defrost

2 1-door refrigerator

3 1-door refrigerator with short-term frozen food storage

4 2-door refrigerator/freezer with cyclic defrost of the fresh food compartment
5T 2-door frost free refrigerator/freezer with top mounted freezer

5B 2-door frost free refrigerator/freezer with bottom mounted freezer

5S 2-door frost free side-by-side refrigerator/freezer

6C Chest freezer

6U Upright freezer, not frost-free

7 Upright frost-free freezer

Refrigerator energy consumption and data requirements
The key elements of refrigerator energy consumption are:

1. Energy consumption driven by the ambient temperature of the room in which the refrigerator is
located, due to the temperature difference between the room air and the air inside the refrigerator
— typically this accounts for around 70% to 80% of total refrigerator energy consumption;

2. Energy consumption that is due to user interactions with the refrigerator such as door openings
and the insertion of warm food and drink “loads” into the refrigerator;

3. Defrosting energy, which itself can be split into a base defrosting energy requirement with little
or no user interaction, and additional defrosting energy induced by user interactions; and

4. Energy consumed by internal heaters. These will be either internal heaters used to maintain
compartment temperature balance at low ambient room temperatures, or ambient controlled anti-
condensation heaters, which may be found on some French door Group 5B models. Only
heaters that are ambient controlled are of concern for this study*®.

The energy consumption of domestic refrigerators is quite complex, and field data collected in homes
can be difficult to interpret as there are a wide range of factors to consider. Firstly, their energy
consumption is largely determined by the ambient air temperature of the room in which the refrigerator is
located. Most houses in Australia exhibit reasonably large seasonal changes in indoor temperatures
over the year. There are also changes in temperature from day-to-day, and also by time of day,
depending on the weather and the operation of heating and cooling equipment in the home. When the

16 Heaters that remain on all of the time will have their energy consumption included in the energy consumed at a

given ambient temperature.
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energy consumption of refrigerators is measured, it is critical to have continuous measurements of the
temperature of the room in which the refrigerator is located in order to quantify the impact of changes in
ambient temperature on energy consumption.

A second factor is that user interactions, such as opening doors or placing warm food or drinks inside
the refrigerator, result in significant additional energy consumption. While these interactions appear to
display broad seasonal variation in most houses, in general they are highly variable from day-to-day.
The impact of user interactions on energy consumption is influenced by the number of house occupants,
householder habits (e.g. the length of time the door is left open, how much food is added and removed),
room temperature and climate (which influences room temperature and humidity). The presence of
additional fridges or freezers in the home may also have an impact, as the influence of user interactions
will be, to some extent, spread over any additional refrigerators present (although this impact is usually
quite small).

In order to make an assessment of these factors, it is critical for refrigerator field monitoring studies to
collect high quality energy data, in addition to the temperature data, to allow the refrigerator energy
consumption to be disaggregated into the key components described above. Generally this requires
energy data at one minute intervals (or equivalent) to allow the assessment of each compressor cycle
and the separation of defrost and recovery events (where present) from the rest of the data. Most field
studies do not have all of these requisite data elements. Even when they are available, a methodology
to disaggregate the refrigerator energy consumption into its component parts has not been developed.
Lloyd Harrington of Energy Efficient Strategies has developed a new methodology to undertake this
disaggregation as part of his PhD research at the University of Melbourne (see Appendix A2), based on
a sound engineering understanding of how domestic refrigerators operate.

Once the energy data has been disaggregated into the key energy components, some information
about the household is also required to make more sense of the data, such as the number of house
occupants and the presence of additional fridges and freezers. Information to benchmark the
performance of the refrigerators, such as the refrigerator volume and the Comparative Energy
Consumption (CEC)!’ from its Energy Rating Label, are also useful. Other factors such as the
occupancy of a house during the day may influence user interactions, but these have not been
assessed for this Retrofit Trial study.

Key components of refrigerator energy consumption

Every refrigerator model is unique in terms of its design, construction and operation. It would be
impossible to collect sufficient data on the design and construction of every refrigerator model sold in
order to fully understand and characterise its operation through an engineering model. Even if there was
a detailed simulation model that could utilise all of this information, most manufacturers would not agree
to supply sufficient engineering detail due to commercial-in-confidence restrictions, and it would be a
difficult task to simulate indoor temperature profiles and user interactions, which are highly random and
very variable, even within a specific household.

However, there are many elements that are common across refrigerator models and a detailed
knowledge of refrigeration systems plus some strategic measurements can reveal much of what is
needed to characterise the operation of an individual refrigerator during routine monitoring in a
household. The technical design of a refrigerator will affect how much energy it consumes in different
environments and how it responds to user-interactions. Therefore, it is important to establish these key
characteristics if the energy consumption of these appliances is to be fully understood.

17 This is the estimated annual energy consumption of the refrigerator (in kWh) derived from the energy labelling test.
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Responses to changes in ambient air temperature

Ambient air temperature is a critical parameter when estimating the energy consumption of a
refrigerator. Quantifying the energy consumed (or average power consumption) for each refrigerator
across the range of typical ambient air temperatures experienced in the house is essential.

The steady-state power consumption is the most fundamental component of energy consumption of a
refrigerator. When operating in equilibrium conditions (stable internal and external temperatures, and no
user interactions) almost all refrigerators exhibit a regular and predictable pattern of compressor “on”
and “off” cycles. When analysed over a whole compressor cycle (or across a repeating pattern of
compressor cycles), this data provides a consistent and repeatable average power consumption that is
characteristic of a certain refrigerator at a certain ambient air temperature. Ideally, the steady-state
power consumption should be determined at a number of different ambient air temperatures to enable a
continuous function of ambient air temperature versus steady-state power consumption to be
established for the refrigerator. In a laboratory testing environment, it is possible to systematically plot
changes in the steady state power consumption as a function of ambient air temperature, although this
is rarely measured on a routine basis. Some typical examples are shown in Figure 5 [EES 2016].

FIGURE 5: RESPONSE OF TYPICAL REFRIGERATORS AND FREEZERS TO CHANGES IN AMBEINT AIR
TEMPERATURE (NO USER INTERACTION OR DEFROSTING)
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The heat gain (or entry) into each compartment of a refrigerator is a linear function of the temperature
difference between the ambient air temperature and the compartment temperature, which means that
the ‘heat load*® on the refrigerator is a linear function of ambient temperature. However, the Coefficient
of Performance!® (COP) of the refrigerator compressor (and the whole refrigeration system) is also
affected by the condensing temperature (which is dictated by the ambient temperature), so the efficiency
of the compressor declines as the ambient temperature increases. This explains why the steady state
power consumption shown in Figure 5 increases at a faster rate as the ambient temperature increases,
and therefore the steady state power consumption as a function of temperature appears to be an
upward curve rather than a straight line.

18 This is the amount of heat that a refrigerator needs to remove from inside the refrigerator compartment(s) to
achieve the target thermostat settings.
19 This is the ratio of the heat energy removed by the compressor (or cooling output) to the input power consumption

of the compressor.
24



REPORT

Detailed analysis and experience shows that the component of energy consumption that is driven by
ambient air temperature accounts for the bulk of the energy consumption of a refrigerator during normal
use (around 70% to 80%). Therefore, when monitoring refrigerators in the field an accurate estimation of
the temperature driven impacts on energy consumption is critical. It is essential to measure the ambient
air temperature of the room in which the refrigerator is located in order to quantify the impacts of
changes in indoor air temperature on a continuous basis.

The difference in temperature between the room air and the refrigerator compartment(s) is the key driver
of heat flow into the refrigerator, and therefore the key driver of the heat load. The rate of heat entry can
be reduced by increasing the level of insulation used in the refrigerator cabinet. Further, it is the
refrigeration compressor that is the main energy using component of the refrigerator. The dominance of
the ambient temperature component of refrigerator energy consumption means that increasing
compressor efficiency (or Coefficient of Performance) and improving cabinet insulation are the key
pathways to increasing the overall energy efficiency of refrigerators.

Changes in compartment temperatures

Most refrigerator test procedures measure the energy consumption of the refrigerators at a specified
nominal or target temperature for each compartment type inside the refrigerator (e.g. AS/NZS4474.1). In
practice, a refrigerator that is being tested will never operate exactly at these target compartment
temperatures, so most test procedures allow test points to be measured above and below target
temperatures, and for the result to be calculated at the target compartment temperature using
interpolation?.

As measurement of energy consumption across a range of temperature control settings has been
routine laboratory practice for many years, there is a large body of data that allows the energy impacts
of changes in temperature control settings to be quantified. A change in temperature control setting
changes the energy consumption due to the change in heat load into each compartment resulting from a
change in average temperature. Most refrigerator-freezers allow independent temperature control for the
fresh food and freezer compartments, so these factors can be separately assessed. The other effect
that a change in compartment temperature may cause is a small change in the operating evaporator
temperature. This normally only occurs when the temperature of the coldest compartment is altered in a
forced air system. [EES 2016]

Harrington and Brown [2012] assessed test report data for over 1,000 different refrigerator and freezer
models to assess the impact of changes in compartment temperatures. This was assessed on the basis
of reported interpolation data for test reports for Australian energy labelling and Minimum Energy
Performance Standards (MEPS) at an ambient air temperature of 32°C. The key result was that
temperature control changes account for a 2% to 5% change in energy consumption per degree K of
compartment temperature change (depending on the product type and design). Given that refrigerators
are designed to operate within a fairly narrow design temperature range, the potential impact of user
driven changes in control settings is therefore fairly modest.

While changes in compartment temperatures can have some impact on the energy consumption of a
refrigerator or freezer, these impacts have not been explicitly modelled for this report. There are several
reasons for this. Firstly, surveys of a large number of householders suggests that most users only
change compartment temperature control settings infrequently, if ever. User survey data suggests that
most temperature control changes are for fresh food compartments in refrigerator-freezers, and

20 For single compartments, this can be done using linear interpolation. Where there are several compartments with
two independent controls, triangulation of the results can be used to estimate the energy consumption at the target
temperatures for all compartments. The details are set out in the test standards [IEC62552-3 2015] and

[AS/NZS4474.1 2007]
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laboratory data shows that these changes only have a small energy impact (around 1% to 2% per
degree K). Given the narrow range of acceptable temperatures in the fresh food compartment, overall
energy impacts of these control changes will be very modest. Few users are even aware that there are
separate temperature controls for the freezer compartment on many models. The final reason is that
changes in compartment temperature are taken into account when the ambient power function for each
refrigerator is developed when analysing field data. The procedure used is outlined in detail in Appendix
A2. So changes in control settings during monitoring are built into the methodology and a composite
average control setting for the household and the specific appliance is included in the modelling
approach.

User interactions

An important component of the energy consumption of a refrigerator is the additional energy that results
from user interactions, such as through door openings and the insertion of warm food and drinks into the
fresh food or freezer compartments. By their very nature, user-interactions with refrigerators have a
large random component. The magnitude of each impact is different and the distribution over time will
also be random to some extent, although some daily and seasonal patterns could be expected. Actual
user impacts will be unique in every household and will differ from day-to-day.

The only way to quantify the impacts of user-interactions is to measure the energy consumption of a
significant number of refrigerators in homes during normal use over extended periods of time. Most
international studies that examine user-interactions hypothesise on the possible impacts of user-
interactions, without directly measuring them. Many studies have examined the energy consumption of
refrigerators during use, but no previous research has disaggregated and separately quantified user-
interactions.

The methodology set out in this report, developed by Lloyd Harrington, quantifies the additional energy
consumption induced by user interactions for a particular appliance in a particular household over a
particular period. User loads make up a significant additional component of the heat load that the
refrigeration system has to remove during normal use. Field measurement can provide a direct measure
of the extra energy used by a particular appliance that is induced by user-interaction, but it does not
directly give us the raw heat loads that are removed by the refrigeration system during this process. It is
necessary to have some means of estimating the refrigeration system coefficient of performance (COP)
in order to do this. This facet adds considerable complexity to the analysis, and an assessment of the
relative COP of each appliance has not been made for this study, although the magnitude of user
induced loads in the same household for an old and new appliance does provide some indication of the
relative efficiency of each system.

For this study, the user induced energy consumption of the refrigerators (without any estimate of
operating COP) is used to assess the annual energy consumption. This estimate may be less robust
where the period of monitoring is relatively short. Review of field monitoring data suggests that there are
sometimes low periods where the householders are away on holidays and there can be very high
periods, typically around Christmas and New Year, where there may be very large usage events
associated with festivities. Typically these events are smoothed out when developing standard seasonal
profiles for comparison of old and new products in the same household. It would be an unfair
comparison if one refrigerator was modelled with several large parties while the other refrigerator
included a period of household absence.

Defrosting behaviour

Over the past 30 years, the market for household refrigerator-freezers (or 2-door refrigerators) has
almost completely moved from manual defrost products to products with automatic defrost, generally
known as “frost free” [E3 2016] — see Appendix Al for a summary of this data. Virtually all 2-door
refrigerator-freezers now sold are frost-free with fully automatic defrost systems. It is known that an
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automatic defrost system will result in a small increase in energy consumption associated with each
defrosting event, but that ongoing performance is maintained as the evaporator is kept free of
accumulated frost. Heat exchange efficiency is also higher for the forced air systems found in frost free
refrigerators when compared to the cold wall evaporators found in manual defrost refrigerators, which
rely mainly on conduction. This performance can deteriorate as ice and frost builds up on the
compartment walls.

The process of defrosting a refrigerator usually involves stopping the refrigeration compressor, activating
a heater in the evaporator to melt any frost (defrosting) and then reactivation of the refrigeration
compressor to bring the refrigerator compartments back down to normal operating temperature. During
the defrosting process, the temperature in the refrigerator compartments often increases slightly as the
refrigeration compressor is not operating for a significant period. For poorly designed systems, some
heat from the defrost heater can also leak into the compartments, and circulation fans may start
immediately after a defrost cycle, blowing warm air into the compartment (fans are often mechanically
switched with the compressor for older products). For well-designed systems, the cycle prior to a defrost
cycle can pre-cool all compartments to a temperature that is lower than the steady-state average, so
that food temperatures remain within an acceptable range during the defrost cycle and recovery period.

Defrosting of the evaporator typically takes 20 to 30 minutes, and recovery to normal temperatures once
the compressor resumes operation can take an additional hour or more, so the whole process is
typically around one and a half to three hours in total. The power input of the defrost heaters varies from
80 Waitts to as much as 600 Watts in older products. The widespread use of R600a (isobutane) as a
refrigerant in new refrigerators means that the defrost heater power has to be reduced to avoid high
surface temperatures during defrost. This is a safety requirement. Typically, the defrost heater power
does not exceed 250 Watts for newer products. This seems to lower the incremental energy used for
defrost and recovery, but this is also likely to be due to improved product design in recent years.

Empirical analysis has shown that the main component of increased energy consumption during
defrosting is the heater energy input. In order for frost to be melted, the metal evaporator and the
refrigerant in the evaporator must be heated to above 0°C. Energy is also required to heat the frost to
0°C, and then additional energy must be put into the system to melt the frost so that it can be drained
away.

The defrosting process is normally controlled by one or several temperature sensor(s) on the surface of
the evaporator (which is made from metal, usually aluminium). While frost is present on the evaporator
and continues to melt, the evaporator material will remain close to 0°C. As soon as the evaporator is
free of frost and ice, its surface temperature quickly rises. Once a temperature of around 10°C is
reached, there will be no frost remaining on the evaporator, the heater can be stopped and the
refrigeration compressor can be restarted. During the recovery cycle, the evaporator and refrigerant has
to be cooled down to the normal operating temperature. Usually a thin film of water will remain on the
evaporator, so this also has to be re-frozen. The additional heat gained by the appliance during the
defrosting process also has to be removed in the recovery cycle. This component of energy appears as
additional compressor energy consumption. In terms of energy balance, the energy for the defrost
heater and the recovery cycle needs to be summed, but the compressor energy that would have been
consumed if the defrost had not occurred needs to be subtracted. The net increase in energy
consumption above steady state conditions is generally quite small for most refrigerators (normally in the
range of 50 Wh to 150 Wh), but in practice the freezer compartment warms slightly during this period, so
it is not completely equivalent to steady state operation.

Analysis of laboratory test data for hundreds of refrigerators and thousands of defrost events during the
development of the new IEC test method has revealed that the additional energy associated with a
defrost cycle and recovery event is usually highly stable, and this remains fairly constant (under
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laboratory conditions) even at different temperature control settings and at different ambient air
temperatures [EES 2016]. This is counter-intuitive, but is due to the majority of the extra energy input
being associated with heating the evaporator metal, refrigerant (around half the energy) and the melting
of frost (around half the energy). Therefore the incremental energy used to undertake a defrost cycle is
largely independent of the control setting and the ambient air temperature.

Appliances that have an ambient controlled compensation heater (see below) may switch this off during
the compressor cycles around a defrost cycle. This makes the incremental defrost and recovery energy
appear slightly lower where such a heater is present (because the surrounding steady state power is
slightly higher with the heat on), although the effect is relatively small.

The detailed analysis methodology used for this report builds on experience from laboratory tests to
develop up a robust approach to characterising defrosting characteristics in the field [Harrington 2015].

With respect to defrosting, there are three important characteristics that need to be ascertained:
o Defrost control type (run-time or variable) — this can be readily assessed from the field data and
the refrigerator behaviour;
e Characteristic incremental defrost and recovery energy for the appliance; and
e Defrost frequency — how often do defrosts occur.

Where all of these characteristics can be established from the field data, the energy associated with
defrosting can be readily established and modelled.

Auxiliaries and heaters

Most modern refrigerator-freezers are electronically controlled and use an on-board computer to make a
range of operating decisions, such as defrosting. Many appliances have heaters or other controls that
are used for specific functions. The energy that is consumed by the electronics or other auxiliaries that
operate on a continuous basis is taken into account when developing a function of energy consumption
versus ambient temperature for the appliance (see above). However, some appliances have heaters or
other controls that vary their operation according to ambient air temperature conditions (and sometimes
other parameters). In these cases, an understanding of the conditions in which they are activated is
important if energy consumption is to be estimated accurately over a range of operating conditions for
the whole year.

Two types of auxiliaries that fall into this category are ambient compensation heaters and ambient
controlled anti-condensation heaters. Ambient compensation heaters are small heaters (typically 1 Watt
to 4 Watt) that are activated to stop air temperatures becoming too cold in the fresh food compartment of
a refrigerator-freezer when the appliance is sitting in colder ambient air temperatures (typically below
20°C). Under low ambient temperatures, the heat gain into the fresh food compartment is very low but
there is still significant heat gain into the freezer, which requires some compressor operation. A small
heater may be required if there are limits on how much the cooling can be modulated by compartment,
and also to stop stratification of air in the compartment when compressor run times are low. These
heaters may be activated under specific operating conditions such as ambient temperature and run-time
combinations and these parameters often vary by model. The amount of user interaction may also
impact on the operation of these heaters where they use run-time as a control variable.

The second type of heater is an ambient controlled anti-condensation heater. Most refrigerators use thin
condenser coil pipe around the door seals to keep this area warm when the compressor is operating
and to stop condensation of water vapour around the door seals, which are usually cool due to lower
insulation values of the door gaskets. Some appliances, such as Group 5B?! refrigerator-freezers with

21 Group 5B refrigerators are 2-door frost free refrigerators with the freezer compartment at the bottom.
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French doors (two doors into a single compartment with a central split), have to use electric heaters on
the central door seal as it is not possible to have refrigerant piping through moving patrts like doors.
These heaters can be quite sophisticated and can vary their power according to ambient conditions
such as temperature and/or humidity to minimise energy while avoiding condensation.
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Housing sample

Details of the seven households that undertook refrigerator replacements as part of Sustainability
Victoria’s Comprehensive Retrofit Trials are provided in Table 3. The refrigerators were monitored for a
period of around three and a half months, starting in late May and finishing in September, with the old
existing refrigerators being replaced with the new high efficiency (3.5 or 4.0 Star) refrigerators in July.
This monitoring period was dictated by the requirements of the comprehensive retrofit trials, which
focussed on retrofits that would reduce winter heating energy consumption. In most houses one 2-door
refrigerator was replaced with a new 2-door refrigerator with a broadly similar capacity (or volume in
litres), although at SVCR2 both a 2-door refrigerator and a chest freezer were replaced with just one 2-
door refrigerator. The average age of the refrigerators replaced was 16.9 years; most refrigerators were
16 years or older, although houses SVCR5 and SVCR11 had relatively new refrigerators.

Westinghouse BJ504Q-R

2-door (Group 5B) fridge, 16 Electrolux
502 L EHE5107SA 2-door
SVCR2 4 Westinghouse FR301 (Group 5B) fridge. 28/05/13 31/07/13  11/09/13
Chest freezer (Group 25 505 L, 3.5 Stars
6C), 290 L
Electrolux
Westinghouse Silhouette ETM4200SC-R 2-
SVCR3 4 412 2-door (Group 5T) 20 door (Group 5T) 28/05/13 18/07/13  15/09/13
fridge, 418 L fridge, 416 L, 4.0
Stars
Electrolux
Westinghouse RJ453T 2- EBE5100SERH 2-
SVCR5 3 door (Group 5T) fridge, 10 door (Group 5B) 25/05/13 19/07/13  30/09/13
447 L fridge, 505 L, 3.5
Stars
Electrolux

EBE4307SDCH 2-
SVCR7 3 (AG”;SS"" g?}ﬁ%wezéd;;[ 19 door (Group 5B) 22/05/14 5/07/14  17/09/14
P g€, fridge, 431 L, 3.5

Stars
Mitsubishi
Kelvinator N630A 2-door MREX562WSBS 2-
SVCR10 5 side-by-side (Group 5S) 21 door side-by-side 30/05/14 25/07/14  21/09/14
fridge, 639 L (Group 5S) fridge,
562 L, 3.5 Stars
Electrolux
Westinghouse EBE4307SDLH 2-
SVCR11 2 WBM3700WB-R 2-door 4 door (Group 5B) 30/05/15  2/07/15 5/09/15
(Group 5B) fridge, 365 L fridge, 431 L, 3.5
Stars
Electrolux
Westinghouse RJ442M-R EBE4307SDLH 2-
SVCR13 4 2-door (Group 5T) fridge, 20 door (Group 5B) 28/05/15  3/07/15 4/09/15
418 L fridge, 431 L, 3.5
Stars

Average 3.6 16.9
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While the replacement refrigerators were chosen to have a relatively high efficiency, the type of
refrigerator, the refrigerator capacity (or volume in Litres) and the make was negotiated with the
householders. It is interesting to note that the majority of the replacement refrigerators were 2-door
Group 5B (bottom mounted freezer) types, and that in two cases (SVCR5 and SVCR13) the
householders chose to switch from a Group 5T (top mounted freezer) to a Group 5B refrigerator.

Householder perceptions

Surveys conducted as part of Sustainability Victoria’s Comprehensive Retrofit Trials collected data on
householder satisfaction with their refrigerators before and after the old existing refrigerator was
replaced with the new high efficiency model. The detailed responses to the survey are provided in
Appendix A3. On a scale of 1 (very dissatisfied) to 5 (very satisfied), householder satisfaction with their
refrigerator increased from an average of 2.5 for the existing refrigerator to an average of 4.8 for the new
refrigerator, a significant improvement.

The main reasons for the low level of satisfaction with the existing refrigerators included them being
inefficient, noisy, and poorly sealed, and in some cases not functioning properly. Most households found
that their new refrigerator was quieter, and the expected increased efficiency and potential for reduced
electricity bills were also seen as an advantage. Households that switched from a Group 5T refrigerator
to a Group 5B refrigerator found that this was ergonomically better due to easier access to the freezer.

Impact of the refrigerator retrofits

Introduction

Energy Efficient Strategies used the energy and temperature data collected during the Retrofit Trial to
estimate the annual energy savings achieved by the retrofits. Initially they compared the data obtained
from the Energy Labelling test for the old and new refrigerators, to obtain an understanding of the
expected results of the replacements. The next step was to estimate how the average internal
temperatures in the houses changed during the year on a monthly basis, based on the temperature data
collected during the trial monitoring period. As noted previously, the ambient air temperature is a key
determinant of refrigerator energy consumption. The energy and temperature data collected during the
monitoring period for each refrigerator was then used to disaggregate the refrigerators’ energy
consumption into their key components, and these were then used to model the annual energy
consumption of each refrigerator. (A detailed description of the methodology used is provided in
Appendix A2.) The annual energy consumption of the existing and new refrigerators were then
compared to estimate the annual energy savings achieved from the retrofits.

Comparison of energy performance based on Energy Labelling data

The data obtained from the Energy Labelling tests for the old existing and new refrigerators is presented
in Table 4 [EEs 2016]. This includes the brand and model number of the refrigerators, the type of
refrigerator (or Group), the year of purchase of the refrigerator, the volume of the refrigerator (in litres) for
all compartments, and the Comparative Energy Consumption (CEC) of the refrigerators in kWh per
year. As all refrigerators were located in Melbourne, the actual annual energy consumption was
expected to be around 85% of the tested CEC figure. The type of defrosting that is used with each
refrigerator is also shown.

The average total volume of the old existing refrigerators was 515.9 litres and for the new refrigerators
was only 468.7 litres, 47.2 litres lower. However, much of this decrease was due to house SVCR2
where an existing refrigerator and separate freezer (792 litres in total) were replaced with just one new
refrigerator (505 litres). If SVCR2 is excluded, the average total volume was 469.8 litres before the
retrofit and 462.7 litres after the retrofit, which is much more comparable.
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The Energy Labelling data suggests that there should be a very significant reduction in the annual
energy consumption of the refrigerators after the replacements, from an average of 1,116.4 kWh per
year before to 398.9 kWh per year after, a reduction of 717.5 kWh per year (or 64.3%).

Old Westinghouse FR301 None 6C 1988 290 770
SVCR2 Ol Westinghouse BJ504Q-R Run-time 5B 1997 502 900
New Electrolux EHE5107SA Variable 5B 2013 505 555
Old Westinghouse Silhouette 412 Run-time 5T 1993 418 1,100
SVER3 New Electrolux ETM4200SC-R Variable 5T 2013 416 318
Old Westinghouse RJ453T Run-time 5T 2003 447 770
SVERS New Electrolux EBE5100SERH  Variable 5B 2013 505 399
ol Amana T518SW Run-time 5T 1995 532 1,110
SVERY New Electrolux EBE4307SDCH  Variable 5B 2014 431 370
SVCRI10 Old Kelvinator N630A Run-time 5S 1993 639 1,570
New Mitsubishi MREX562WSBS  Fixed time 5T 2014 562 410
SVCR11 Old Westinghouse WBM3700WB-R  Run-time 5B 2011 365 495
New Electrolux EBE4307SDLH Variable 5B 2015 431 370
Old Westinghouse RJ442M-R Run-time 5T 1995 418 1,100
SVERIS New Electrolux EBE4307SDLH  Variable 5B 2015 431 370
Average Old 515.9 1,116.4
New 468.7 398.9

Impact on annual energy consumption

IMPACT ON DAILY ENERGY CONSUMPTION

A small plug-in meter and data logger was used to monitor the electricity consumption of the
refrigerators, before and after replacement. The meter measured the average power consumption of the
refrigerators over either a 1-minute (2013 trials) or 2-minute (2014 and 2015 trials) logging interval. This
meter data was used to calculate the total daily electricity consumption of the refrigerators over the
entire monitoring period, as well as the average daily load profile of the old refrigerator before retrofit and
the new replacement refrigerator after retrofit — this shows how the average power consumption of the
refrigerator varies throughout the day, for those days on which data was available.

The data for house SVCR?7 is shown in Figure 6°2 for daily energy consumption, in Figure 7 for the
average daily load profile, and in Figure 8 for the power consumption over a typical day. The average
daily energy consumption reduced from 2.31 kwWh per day before the retrofit to 0.60 kwh per day after
the retrofit, a reduction of 1.71 kWh per day or 74.7%. It is also evident from Figure 6 and Figure 7 that
the power consumption of the refrigerator after the retrofit was much lower than before, throughout the
entire day.

22 The blue columns show the daily energy consumption of the old existing refrigerator and the green columns show
the daily energy consumption of the new refrigerator. Note that there is an eleven day gap in the data after the

retrofits (5 to 15 August), due to the meters being removed to download data and then being replaced after a delay.
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FIGURE 6: DAILY ELECTRICITY USE OF REFRIGERATOR AT HOUSE SVCR7, BEFORE AND AFTER RETROFIT
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ASSUMED INDOOR TEMPERATURES

The average monthly temperature of the room in which the refrigerators were located was used to
estimate the temperature-related components of refrigerator energy consumption for each month of the
year. The assumed average monthly temperature for each of the houses in SV’s Retrofit Trial is set out
in Figure 9 [EES 2016]. Actual measured data was used where available (generally for May to
September). A model of indoor temperatures based on Harrington et al (2015) was used to estimate the
average temperature when no data was available.

FIGURE 9: ASSUMED AVERAGE MONTHLY AMBIENT TEMPERATURE FOR SV HOUSES
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ESTIMATED ANNUAL ENERGY CONSUMPTION

The metered energy consumption and temperature data for each refrigerator was used to estimate the
annual energy consumption of each refrigerator, broken down into the key components, using the
methodology set out in Appendix A2. Table 5 shows the estimated annual energy consumption in kWh
per year for each refrigerator. Table 6 presents the same information, but in this case shows the
different components of energy consumption as a percentage of the total annual energy consumption.
[EES 2016]

The estimated average total annual energy consumption of all the old existing refrigerators across the

seven houses was 913.4 kWh per year, compared to the average for the new refrigerators of 297.7 kWh
per year, a saving of 615.7 kWh per year or 67.4%.
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Old-Fz 629 0 0 0 49 678
SVCR2 Old - RF 506 0 82 17 104 708

New 350 0 19 45 74 488

ol 483 0 61 4 33 581
SVCR3

New 101 0 8 5 25 139

Oold 446 0 65 8 57 576
SVCR5

New 215 0 19 25 36 294

Old 773 0 78 4 38 893
SVCR7

New 169 0 18 23 27 238

Oold 1076 0 113 10 93 1,292
SVCR10

New 311 0 56 0 38 405

Old 329 0 39 8 66 442
SVCR11

New 158 0 11 22 33 224

Old 1013 0 142 8 60 1,224
SVCR13

New 214 0 14 27 41 296

oid 750.7 0.0 82.9 84 71.4 9134
Average

New 216.9 0.0 20.7 21.0 39.1 297.7

Note: FZ = Freezer; RF = Refrigerator; Temp. = Temperature; Comp. = Compensation.

The data in Table 6 shows that, as expected, the ambient temperature of the room in which the
refrigerator is located is by far the most important driver of refrigerator energy consumption, accounting
for 82.2% of total energy consumption for the old refrigerators and 72.8% of total energy consumption
for the new refrigerators. While the share of the total defrost energy (base plus user driven) in the older
refrigerators is sometimes similar to the newer refrigerators, the absolute energy used for defrosting is
much lower in most new refrigerators. This is because most of the older units use run-time defrost
controllers that have quite short run-time settings, and most of the new units use variable controllers
which tend to have longer defrost intervals (especially during winter then the monitoring was
undertaken). Defrost energy fell from an average of 91.3 kWh per year in the old refrigerators to 41.7
kWh per year for the new refrigerators, a reduction of 54%. [EES 2016]
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Old-Fz 92.7% 0.0% 0.0% 0.0% 7.3% 100%
SVCR2 Old - RF 71.4% 0.0% 11.6% 2.4% 14.7% 100%

New 71.7% 0.0% 3.9% 9.3% 15.1% 100%

Oold 83.1% 0.0% 10.6% 0.7% 5.6% 100%
SVCR3

New 72.5% 0.0% 5.9% 3.9% 17.7% 100%

ol 77.3% 0.0% 11.2% 1.4% 10.0% 100%
SVCR5

New 73.0% 0.0% 6.4% 8.5% 12.1% 100%

Old 86.5% 0.0% 8.7% 0.4% 4.3% 100%
SVCR7

New 71.3% 0.0% 7.5% 9.7% 11.5% 100%

Oold 83.3% 0.0% 8.8% 0.8% 7.2% 100%
SVCR10

New 76.8% 0.0% 13.7% 0.0% 9.5% 100%

Oold 74.4% 0.0% 8.9% 1.8% 14.8% 100%
SVCR11

New 70.6% 0.0% 4.9% 9.8% 14.7% 100%

Old 82.8% 0.0% 11.6% 0.7% 4.9% 100%
SVCR13

New 72.3% 0.0% 4.7% 9.2% 13.8% 100%

old 82.2% 0.0% 9.1% 0.9% 7.8% 100%
Average

New 72.8% 0.0% 7.0% 7.1% 13.1% 100%

Note: FZ = Freezer; RF = Refrigerator; Temp. = Temperature; Comp. = Compensation.

The average defrost interval (or time between defrost events in hours) for the new and old refrigerators
is illustrated in Figure 10. In five of the 7 houses the defrost interval was significantly longer for the new
refrigerators. This was because all old refrigerators used run-time controllers with short run times and

most new refrigerators used variable controllers (the average increased from 14 hours to 28 hours). The

new refrigerator at house SVCR10 appears to use a fixed time defrost controller, which is unusual in
Australia but more common in Japan. [EES 2016]

User-driven energy consumption was around 5% to 15% of total energy consumption for most of the

households. This obviously depends on the demographics and occupancy in each home as well as the

number of refrigerators (or freezers) present in the home. The data showed that the absolute user-

driven energy consumption appears to decrease in the new refrigerators, from an average of 71.4 kWh
per year to 39.1 kWh per year, a reduction of 45.2%. This is because the new refrigerators are operating

more efficiently (with a higher coefficient of performance), and the same sensible and latent heat loads

due to door openings and warm food and drink items being placed in the refrigerator will therefore result
in lower energy consumption by the refrigerator for this task. [EES 2016]
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FIGURE 10: DEFROST INTERVAL FOR NEW AND OLD SV REFRIGERATORS
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ESTIMATED ANNUAL ENERGY SAVINGS

The estimated annual energy savings achieved by the replacements are set out in Table 7 [EES 2016],
and compared with the energy savings that would be expected from the refrigerator Energy Rating
Labels. All of the houses achieved substantial energy savings, with an average 67.4% reduction in
energy consumption across the 7 sites, with the smallest energy saving being 49%. Note that for house
SVCR2 two older appliances (a separate freezer and a refrigerator-freezer) were replaced with a single
refrigerator-freezer, so this is not an entirely equivalent replacement.

Note that for the SV Retrofit Trials the new refrigerators selected were some of the most efficient
products on the market at the time for their size and type, so these savings are generally at the upper
end of what would be expected in a normal replacement program.

An interesting observation is that the Comparative Energy Consumption (CEC) from the Energy Rating
Label is a fairly poor predictor of the energy consumption of the refrigerators during actual use. As
expected, the actual annual energy consumption was lower than the CEC in most cases — average ratio
of 0.82 for the old refrigerators and 0.75 for the new refrigerators. However, the ratio of actual energy
consumption to the CEC varied from 0.44 to 1.11 across all of the houses.

While the CEC figure from the Energy Rating Label was not a particularly good predictor of the absolute
energy consumption at a particular house, it does seem to provide a reasonable basis for estimating
relative (or percentage) energy savings when a refrigerator is replaced (assuming that labelling data for
the old and new unit are available). In most cases the percentage reduction in energy measured in
practice is quite similar to that estimated from the CEC values. The measured energy saving across the
7 SV hoses was 67.4%, while using the Energy Rating Label as a predictor gives an estimated saving of
64.3%. The apparent accuracy of the Energy Rating Label as a predictor of energy savings during
normal use can be largely explained by the fact that the energy consumption due to ambient air
temperature dominates energy consumption for most households (70 to 80%), and the Energy Label is
a reasonable predictor of relative temperature performance of different refrigerators because it is based
on a static test at a fixed ambient temperature [EES 2016].
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old-Fz 770 678 0.88

SVCR2 Old - RF 900 708 0.79 1,115 898 66.8% 64.8%
New 555 488 0.88
old 1100 581 0.53

SVCR3 782 442 71.1% 76.0%
New 318 139 0.44
Old 770 576 0.75

SVCR5 371 282 48.2% 48.9%
New 399 294 0.74
Old 1,110 893 0.80

SVCR7 740 655 66.7% 73.4%
New 370 238 0.64
Old 1,570 1,292 0.82

SVCR10 1,160 887 73.9% 68.7%
New 410 405 0.99
Old 495 442 0.89

SVCR11 125 218 25.3% 49.4%
New 370 224 0.60
Old 1,100 1,224 111

SVCR13 730 928 66.4% 75.8%
New 370 296 0.80
old 1,116.4 9134 0.82

Average 7176 6157 64.3% 67.4%
New 398.9 297.7 0.75

The exception to this was site SVCR11, where the old refrigerator was just a few years old at the time of
replacement. The estimated percentage reduction based on the label is smaller than the measured
energy reduction. While the old refrigerator at this house did not appear to be performing poorly, the
energy consumption was a bit higher than expected and the user chose to replace it as part of the
Comprehensive Retrofit Trials, which suggests that there may have been some other issues with this
appliance. [EES 2016]

Economics of retrofitting

One aim of SV’s Refrigerator Retrofit Trial was to obtain a better understanding of the economics of
replacing old existing refrigerators with new high efficiency ones. The annual energy saving estimates
derived by Energy Efficient Strategies have been combined with data on the cost of the replacement
refrigerators and energy tariff data®® to estimate the annual energy bill savings, and therefore the
economic payback on the investment in the new high efficiency refrigerators. The results of this analysis
are summarised in Table 8.

2 An electricity tariff of 27.5 ¢/kWh has been used to estimate the annual energy bill saving.
38



REPORT

SVCR2 898.0 $247.0 $2,149 8.7 $385 1.6
SVCR3 442.0 $121.6 $1,395 115 $394 3.2
SVCR5 282.0 $77.6 $1,977 255 $213 2.7
SVCR7 655.0 $180.1 $2,028 11.3 $522 2.9
SVCR10 887.0 $243.9 $2,820 11.6 $1,468 6.0
SVCR11 218.0 $60.0 $2,245 374 $739 12.3
SVCR13  928.0 $255.2 $2,245 8.8 $739 2.9
Average 615.7 $169.3 $2,122.7 12.5 $637.1 3.8

The average energy saving across the seven houses was 615.7 kWh per year, giving an average
energy bill saving of $169.3 per year. The energy and energy bill savings were lowest for house
SVCR11, where the existing refrigerator was only 4 years old and therefore likely to be much more
efficient that the other existing refrigerators. However, even in this case an energy saving of 49.4% was
achieved. The average cost of the new high efficiency replacement refrigerators was $2,122.7, giving an
average payback of 12.5 years across the seven houses. The payback was longest for house SVCR11.
Also, the relatively high cost of the new refrigerator at house SVCR10 ($2,820) led to a longer payback
than might be expected from the annual energy saving ($243.9 per year).

In practice, most refrigerators are likely to be replaced at or near their end of life, so the cost of
upgrading to a high efficiency refrigerator is less than the full cost of the new refrigerator. (Most of the
existing refrigerators were more than 16 years old.) We have used refrigerator cost data collated by
Energy Efficient Strategies?® to estimate the difference in cost (or differential cost) between the high
efficiency replacement refrigerators used in the Retrofit Trial and the average new refrigerator sold of the
same type (Group) and volume. These estimates are shown in Table 8. The average differential cost of
the new refrigerators was $637.1, reducing the average payback across the seven houses to only 3.8
years.

Much of the efficiency improvement and energy savings achieved by the high efficiency replacement
refrigerators have essentially been achieved for free, driven by the minimum energy performance
standards (MEPS) for refrigerators introduced in 1999 and made more stringent in 2005 (see Figure 1
above), but also general improvements as a result of refrigerator Energy Labelling over the long term.
The MEPS requirements mean that the average refrigerators sold today are somewhat more energy
efficient than the refrigerators sold 15 to 25 years ago. The choice of the high efficiency refrigerators
used in the Retrofit Trial increases these savings further, although the energy savings that can be
attributed to using a high efficiency refrigerator (rather than the average new refrigerator) would be lower
than shown in Table 8.

% This is the difference in cost between the high efficiency refrigerator model chosen as the replacement and the
average new refrigerator sold of the same Group type and volume.

25 This work is documented in the report: Residential Zero Net Carbon Study, Energy Efficient Strategies (with
assistance from IT Power Renewable Energy Consulting) for Sustainability Victoria, September 2016 (unpublished). EES
have used Gfk sales data to estimate the average cost (in S per Litre) of different refrigerator types as a function of
their Energy Ratings. The average Group 5T refrigerator has a 2.95 Star rating, giving an average cost of $2.41 per

Litre. The average Group 5B refrigerator has a 2.75 Star rating, giving an average cost of $3.494 per Litre.
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- E442BRE4 2-door 28/03/14
SYD40 g;ﬂzolt_)r (Group 5B) fridge, 17 (Group 58 fridge), 442 17/02/13 29/03/14 3/05/15
L
Fisher & Paykel E5528 E?Qzeéggfﬁlfféor 7/06/14
VIC31 g-ltgolt_)r (Group 5B) fridge, 12 (Group 5B) fridge, 519 6/10/12 7/06/14 26/07/15
L
Fisher & Paykel E440T
Hoover HE423VF 2-door 10/12/08
VIC19 . 18 2-door (Group 5T) 24/10/08 6/01/13
(Group 5B) fridge, 423 L fridge, 447 L 22/12/10
Westinghouse RE311G- Fisher & Paykel E373R 9/01/11
VIC37 R*6 2-door (Group 4) 9 1-door (Group 1) fridge, 24/12/10 25/01/11 27/01/12
fridge, 306 L 373 L
Westinghouse RE391 2- Samsung SRL458ELS 27/01/12
VIC17 door (Group 4) fridge, 15 2-door (Group 5B) 22/12/10 55/03/16 30/5/16
388 L fridge, 458 L
. Electrolux
Westinghouse Frost Free
EBM5100SC-R 2-door 27/05/12
VIC34 502 2-door (Group 5T) 23 (Group 5B) fridge, 505 2/02/12 2/02/12 30/07/12
fridge, 525 L L
Westinghouse
GE Cycle defrost 2-door WTB2500-WB 2-door 19/07/12
VIC30  (Group 4) fridge, 400 L % (Group 5T) fridge, 246~ 20212 1gi0712  26/07/15
L
Kelvinator N300OF-R, 2- Westinghouse 3/08/12
VIC27 door (Group 5T) fridge, 14 WRM2400WD 1-door 12/02/12 30/03/16 1/06/16
300 L (Group 2) fridge, 244 L
Westinghouse Electrolux
SYD0O2  RB4LIMLH 2-door 12 (E(Er?jsg%??ﬁlé cdoor eloan2  Su0M1Z 16/06/12
(Group 4) fridge, 408 L L P g,
QLD25 gg(l)vri?gtr%ruNSSng;I?rl\i/leé 30 Eggﬂg‘r‘:’;}:ﬂkj&r 4/09/13 18/05/14 3/08/13
P ge. (Group 5T) fridge, 380 12/11/12
400 L L
. Panasonic NR-
Fisher & Paykel N369B
A BY552XSAU 2-door 19/08/13
VICO03 gédzolc_)r (Group 5B) fridge, 18 (Group 5B) fridge, 551 15/08/13 20/08/13 10/05/14
L
Fisher & Paykel
Hoover D48TF 2-door RF522ADXI 2-door 13/01/13
SyD14 (Group 5T) fridge, 476 L 21 (Group 5B) fridge, 519 8/01/13 19/01/13 24/05/14
L
Fisher & Paykel 5228 Egggtrsf‘x%aglfgcl;or 27/02/13
SYD15 g-ltgolc_)r (Group 5B) fridge, 15 (Group 5B) fridge, 519 9/01/13 26/02/13 2/05/15
L
Fisher & Paykel E442B Samsung SRL449EW 12/07/13
SYD35 2-door (Group 5B) fridge, 11 2-door (Group 5B) 11/01/13 11/07/13 8/10/13
442 L fridge, 450 L
Average 17.6
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The details of the 14 houses monitored by Lloyd Harrington for his PhD thesis at the University of
Melbourne, where refrigerator replacements occurred, are provided in Table 9 above [EES 2016]. The
“House Code” assigned to each monitoring site is the one that has been used by EES, with the first
three letters indicating the region in which the house is located. Four houses were located in Sydney.
Most of the Victorian houses were located in the Gippsland region, although house VIC03 was located
in Bendigo. The one Queensland house was located in Brisbane. The average age of the refrigerators
when replaced was 17.6 years, with most being more than 15 years old.

Note that as this data was not collected as part of a retrofit trial, the exact retrofit date has not always
been recorded. In Table 9 we show the start and end dates of the monitoring periods for both the
existing old refrigerator and the new replacement one. As the replacement refrigerator was selected by
the householder it was not necessarily a high efficiency model, and is more representative of what
would happen under “business as usual’.

There are some periods of missing data at some of the houses monitored, due to issues with the data
loggers, gaps between data files, data overflow due to exceeding the storage capacity of the loggers or
power outages. Only days of valid data have been used for the analysis. There are significant data gaps
for houses VIC31 (old and new), VIC19 (new) and VIC30 (new). At some of the houses the new
refrigerators were not monitored until some years after the old existing refrigerator was replaced. [EES
2016]

Impact of the refrigerator retrofits

Introduction

Lloyd Harrington used the energy and temperature data collected as part of his field monitoring studies
to estimate the annual energy savings achieved by the retrofits. The equipment and approach used was
the same as for the SV Retrofit Trials, as described in Chapter 3 and set out in more detail in Appendix
A2.

Comparison of energy performance based on Energy Labelling data

The data obtained from the Energy Labelling tests for the old existing and new refrigerators is presented
in Table 10 [EES 2016]. This includes the brand and model humber of the refrigerators, the type of
refrigerator (or Group), the year of purchase of the refrigerator, the volume of the refrigerator (in litres) for
all compartments, and the Comparative Energy Consumption (CEC) of the refrigerators in kwh per
year. The type of defrosting that is used with each refrigerator is also shown.

The average total volume of the old existing refrigerators was 420.0 litres and for the new refrigerators
was 434.5 litres, only slightly larger. In most cases the householders seem to have chosen a new
refrigerator that was of a comparable size or slightly larger, although at houses VIC27 and VIC30 the
new refrigerator was somewhat smaller. In some cases the new refrigerator was substantially bigger,
most notably VIC03.

The Energy Labelling data suggests that even for this situation, where a high efficiency replacement
was not necessarily chosen, there should still be a significant reduction in annual energy consumption,
with the average CEC being 893.3 kWh per year before the replacement and 432.9 kWh per year after
the replacement, or a saving of 460.4 kWh per year or 51.5%.
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SYDAO Old Fisher & Paykel N395B Run-time 5B 1997 392 950
New Fisher & Paykel E442BRE4 Variable 5B 2014 442 525
vical Oold Fisher & Paykel E522B Variable 5B 2002 519 790
New Fisher & Paykel E522BRE4 Variable 5B 2014 519 540
Oold Hoover HE423VF Run-time 5B 1991 423 715
vicis New Fisher & Paykel E440T Variable 5T 2009 447 476
Oold Westinghouse RE311G-R*6 None 4 2002 306 676
viest New Fisher & Paykel E373R (new) None 2011 373 301
VICL7 Old Westinghouse RE391 None 4 2000 388 660
New Samsung SRL458ELS Variable 5B 2015 458 330
Vic3a Old Westinghouse Frost Free 502 Run-time 5T 1988 525 1,500
New Electrolux EBM5100SC-R Variable 5B 2011 505 428
VIC30 Old GE Cycle defrost 402  None 4 1980 400 1,200
New Westinghouse WTB2500-WB Variable 5T 2011 246 414
VIC27 Old Kelvinator N300F-R Variable 5T 2000 300 785
New Westinghouse WRM2400WD None 2014 244 237
Oold Westinghouse RB411MLH 410L  None 4 1999 408 700
SYDO2 New Electrolux EBM4300SC-L Variable 5B 2011 431 406
Oold Kelvinator N380FM Run-time 5T 1981 400 1,010
QLD New Fisher & Paykel E381TRT Variable 5T 2011 380 433
ol Fisher & Paykel N369B Run-time 5B 1995 382 880
vicos New Panasonic NR-BY552XSAU  Variable 5B 2013 551 463
Old Hoover D48TF Run-time 5T 1991 476 1,170
Sybi4 New Fisher & Paykel RF522ADXI Variable 5B 2012 519 586
Old Fisher & Paykel E522B Variable 5B 1999 519 790
SYDIS New Fisher & Paykel E522BLXB Variable 5B 2014 519 540
Oold Fisher & Paykel E442B Variable 5B 2002 442 680
SYD3s New Samsung SRL449EW Variable 5B 2013 450 382
Average Old 420.0 893.3
New 434.5 4329

Impact on annual energy consumption

ASSUMED INDOOR TEMPERATURES

The average monthly temperature of the room in which the refrigerators were located was used to

estimate the temperature-related components of refrigerator energy consumption for each month of the

year. The assumed monthly temperature for each of the houses monitored by EES is set out in Figure

11 [EES 2016]. For the EES houses, generally there was at least 6 months data for each site, so it was

possible to provide an accurate assessment of a typical annual temperature profile in each house.
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FIGURE 11: ASSUMED AVERAGE MONTHLY TEMPERATURE FOR THE EES HOUSES
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ESTIMATED ANNUAL ENERGY CONSUMPTION

The metered energy consumption and temperature data for each refrigerator was used to estimate its
annual energy consumption, broken down into the key components, using the methodology set out in
Appendix A2. Table 11 shows the estimated annual energy consumption in kWh per year for each
refrigerator. Table 12 presents the same information, but shows the different components of energy
consumption as a percentage of the total annual energy consumption. [EES 2016]

As was the case with the refrigerators at the SV houses, the data in Table 12 shows that the ambient
temperature of the room in which the refrigerator is located is by far the most important driver of
refrigerator energy consumption, accounting for 81.3% of total energy consumption for the old
refrigerators and 70% of the total energy consumption for the new refrigerators. Interestingly, these
percentages are very similar to those found in the SV houses for both the old (82.2%) and new (72.8%)
refrigerators. Also, while the share of the total defrost energy (base plus user driven) is in the older
refrigerators is sometimes similar to the new refrigerators, the absolute energy used for defrosting is
lower in the new refrigerators. While there was a decline in defrost energy in the EES refrigerators it was
not as pronounced as for the SV refrigerators — the reduction was from an average of 78 kWh per year
to 56 kWh per year, if only those houses where the old and new refrigerators had an automatic defrost
function are compared?®. [EES 2016]

As was the case with the SV houses the user driven energy consumption is generally around 5% to
15% of total energy consumption for most refrigerators, with the heavy use houses being up to a 27%
share. Further, the user driven load decreased in absolute terms when the refrigerators were replaced,
from an average of 86.8 kWh per year to an average of 47.4 kWh per year. The user driven load
depends on the demographics and occupancy in each house, as well as the number of refrigerators and
freezers. The decrease in user load induced on the new refrigerators in the same house occurs because
the new refrigerators will have a higher coefficient of performance. [EES 2016]

26 Houses VIC37 (old fridge Group 4 and new fridge Group 1), VIC17 (old fridge Group 4), VIC30 (old fridge Group 4),
VIC27 (new fridge Group 2) and SYDO02 (old fridge Group 4) were not included in this comparison as these do not have

automatic defrost.
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TABLE 11: ESTIMATED ANNUAL ENERGY CONSUMPTION OF EES REFRIGERATORS, BY KEY COMPONENTS

Estimated Annual Energy Consumption (kWh/yr) — by key components

Ambient
House Status o Defrost Defrost User
Cod P (base) (user) driven
Heater

Old 796 0 42 4 77 919
SYD40

New 317 24 13 27 55 437

Old 474 0 23 16 55 568
VIC31

New 294 35 15 27 36 407

Old 450 0 27 4 60 540
VIC19

New 271 16 14 22 38 361

Old 289 4 31 7 63 393
VIC37

New 127 0 0 0 33 160

Old 518 0 0 0 98 616
VIC17

New 187 11 26 60 27 312

Old 1016 0 74 7 98 1,195
VIC34

New 262 0 16 44 38 359

Old 633 0 0 0 63 695
VIC30

New 185 0 16 14 30 245

Old 465 0 40 36 98 639
VIC27

New 81 0 0 0 30 111

Old 513 0 0 0 66 578
SYDO02

New 249 0 13 30 55 347

Old 704 0 84 8 71 868
QLD25

New 266 10 14 27 38 355

Old 560 0 30 3 55 648
VICO03

New 188 0 51 33 44 316

Old 759 0 113 8 55 935
SYD14

New 393 16 12 25 44 490

Old 708 0 31 0 137 876
SYD15

New 353 3 17 46 87 507

Old 574 0 32 109 219 934
SYD35

New 218 12 20 77 109 437

Old 604.2 0.3 37.6 14.4 86.8 743.1
Average

New 242.2 9.1 16.2 30.9 47.4 346.0



TABLE 12: ESTIMATED ANNUAL ENERGY CONSUMPTION OF EES REFRIGERATORS, BY KEY COMPONENTS (%

SHARE)

Estimated Annual Energy Consumption (kWh/yr) — by key components

REPORT Refrigerator Retrofit Trial

Ambient
Status : Defrost Defrost User
Comp :
(base) (user) driven
Heater
o 86.6% 0.0% 4.6% 0.4% 8.3% 100%
SYD40
New 72.7% 5.5% 3.0% 6.3% 12.5% 100%
Oud 83.4% 0.0% 4.0% 2.9% 9.6% 100%
VIC31
New 72.3% 8.6% 3.7% 6.7% 8.7% 100%
o 83.3% 0.0% 4.9% 0.7% 11.1% 100%
VIC19
New 75.1% 4.3% 3.9% 6.1% 10.6% 100%
Old 88.9% 0.0% 0.0% 0.0% 11.1% 100%
VIC37
New 79.5% 0.0% 0.0% 0.0% 20.5% 100%
Old 84.0% 0.0% 0.0% 0.0% 16.0% 100%
VIC17
New 59.9% 3.7% 8.3% 19.3% 8.8% 100%
Old 85.0% 0.0% 6.2% 0.6% 8.2% 100%
VIC34
New 72.8% 0.0% 4.4% 12.2% 10.7% 100%
Old 91.0% 0.0% 0.0% 0.0% 9.0% 100%
VIC30
New 75.5% 0.0% 6.7% 5.6% 12.3% 100%
Old 72.8% 0.0% 6.3% 5.6% 15.4% 100%
VIC27
New 72.9% 0.0% 0.0% 0.0% 27.1% 100%
Oid 88.7% 0.0% 0.0% 0.0% 11.3% 100%
SYD02
New 71.8% 0.0% 3.7% 8.7% 15.7% 100%
Old 81.1% 0.0% 9.7% 1.0% 8.2% 100%
QLD25
New 74.8% 2.8% 3.9% 7.7% 10.8% 100%
Oid 86.4% 0.0% 4.7% 0.5% 8.4% 100%
VICO03
New 59.5% 0.0% 16.2% 10.4% 13.8% 100%
Old 81.2% 0.0% 12.1% 0.9% 5.8% 100%
SYD14
New 80.3% 3.3% 2.5% 5.0% 8.9% 100%
Oid 80.9% 0.0% 3.5% 0.0% 15.6% 100%
SYD15
New 69.7% 0.6% 3.3% 9.2% 17.3% 100%
Old 61.4% 0.0% 3.5% 11.7% 23.4% 100%
SYD35
New 50.1% 2.8% 4.6% 17.5% 25.0% 100%
Old 81.3% 0.0% 5.1% 1.9% 11.7% 100%
Average
New 70.0% 2.6% 4.7% 8.9% 13.7% 100%
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The average defrost interval for new and old refrigerators is shown in Figure 12. For the EES houses,
the change in defrost interval was less significant overall than was the case for the SV houses. While
seven of the 14 old appliances had run-time controllers, some of these had significantly longer run times
than were found in the SV houses. New refrigerators tended to show a significant decrease in overall
defrost energy due to improved defrost design and operation. [EES 2016]

Note that only houses where old and new appliances had automatic defrost are shown (in 5 houses the
old and/or the new appliance did not have automatic defrost). Old refrigerators that used run-time
controllers were SYDA40, VIC19, VIC34, QLD25, VIC03 and SYD14. Other old refrigerators had variable
defrost controllers. All new refrigerators were variable defrost, but VIC03 was a Japanese brand that had
a very short defrost interval for the specific usage and operating conditions at the home, which varied
little by season or usage, but was not strictly a run-time controller. [EES 2016]

FIGURE 12: DEFROST INTERVAL FOR NEW AND OLD EES REFRIGERATORS
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ESTIMATED ANNUAL ENERGY SAVINGS

The estimated annual energy savings resulting from the replacements are set out in Table 13 [EES
2016]. The estimated average annual energy saving achieved across the houses was 397.1 kWh per
year, or a 53.4% energy saving. All of the houses achieved quite significant energy savings, ranging
from 28.2% to 82.6%. The average energy saving — both in absolute and relative terms — was
somewhat less than for the SV houses (615.7 kWh per year or 67.4%), although as noted previously the
SV Retrofit Trial used high efficiency replacement refrigerators and for the refrigerators monitored by
EES the householders chose the replacement.

The EES houses were more of a mixed bag than the SV houses due to the nature of the replacements
(essentially random in nature and chosen by the householders). The following points and limitations
regarding the replacements should be noted for the EES houses [EES 2016]:

e At house VIC31 the old appliance failed at the end of its life, so this period was ignored when
developing operating characteristics;

e At house VIC37 a Group 4 (2-door, cyclic defrost) refrigerator-freezer was replaced with a 1-door
(Group 1) refrigerator, hence the very large savings. This replacement is not entirely equivalent,
even though the refrigerator sizes were comparable. The results in Table 13 suggest that the
Energy Label is fairly poor at estimating the energy consumption of Group 1 refrigerators (ratio
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of actual to label consumption for the new refrigerator was 0.53);

e At house VIC34 the old appliance was used a secondary appliance in the same space after the
new refrigerator was installed, so energy consumption was monitored in parallel. When used as
a secondary refrigerator, the usage of the old refrigerator by the householders was somewhat
lower than may be expected compared to its use as the main refrigerator, so the savings may
underestimated in this case (the savings are still 70%, which are large);

o House VIC27 downsized from a small Group 5T (2-door frost free) unit to a large Group 2 (1-
door refrigerator) unit, so the fresh food volume was roughly equivalent, but there was no freezer
compartment in the new appliance. A separate freezer was always used at this site (savings are
very large at 83%, the highest of all sites). The data in Table 13 suggests that the Energy Label
is fairly poor at estimating the energy consumption of Group 2 refrigerators (ratio of actual to
label energy consumption for the new refrigerator was 0.47);

o At house QLD25 the old refrigerator was used a secondary refrigerator in the same space after
the new refrigerator was installed, so energy consumption was monitored in parallel. When used
as a secondary refrigerator, the usage on the old refrigerator by the householders was
somewhat lower than may be expected compared to its use as the main appliance, so the
savings may be underestimated in this case (savings are still 59%, which are large);

e At house VICO03 the period of data collection for the old refrigerator was quite short (a few days)
so there is some uncertainty on usage, but the temperature and defrost characteristics were
checked against several other sites with the same model and vintage of refrigerator to ensure
consistency;

e At house SYD14 the period of data collection for the old refrigerator was quite short (less than a
week) and this was recorded during heatwave conditions in Sydney, so there is some
uncertainty on usage, but the temperature characteristics were checked against one other site
with the same model of refrigerator to ensure consistency;

e At house SYD15 the old appliance failed at the end of its operation, so this period was ignored
when developing operating characteristics; and,

¢ House SYD35 had very heavy use for the old and new appliances (very large household, 9
occupants).

Despite the caveats and the limitations of the EES data, the savings achieved are still considerable,
averaging 53.4% across the 14 households. Two EES sites (VIC31 and VIC19) showed about 30%
energy savings. Again, the savings were broadly in line with the expected energy reductions. The 12
other sites had savings that exceeded 40% and most sites achieved greater than 50% energy savings.
This is quite impressive considering the unguided and uncontrolled nature of the replacements in alll
cases. [EES 2016]

As was the case at the SV houses, the actual energy consumption of the refrigerators was lower than
indicated by the CEC figure on the Energy Rating Label — the ratio of actual annual energy use to CEC
was 0.83 for the old refrigerators and 0.80 for the new refrigerators. The ratio was much lower at houses
VIC37 (0.53 - new fridge was Group 1) and VIC27 (0.47 — new fridge was Group 2). As noted above,
this suggests that the CEC is a poor predictor of energy consumption for this refrigerator type. However,
as was also the case for the SV houses the CEC was a fairly good predictor of the relative energy
saving that was achieved from the replacement — the CEC of the old and new refrigerators suggested a
saving of 51.5% compared to the 53.4% saving that was achieved in practice.
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Old 950 919 0.97

SYD40 425 482 44.7% 52.5%
New 525 437 0.83
Old 790 568 0.72

VIC31 250 161 31.6% 28.2%
New 540 407 0.75
Old 715 540 0.76

VIC19 239 179 33.4% 33.1%
New 476 361 0.76
Oold 676 590 0.87

VIC37 375 233 55.5% 72.9%
New 301 160 0.53
Oold 660 616 0.93

VIC17 330 304 50.0% 49.4%
New 330 312 0.94
Old 1500 1,195 0.80

VIC34 1,072 836 71.5% 69.9%
New 428 359 0.84
Old 1,200 695 0.58

VIC30 786 450 65.5% 64.8%
New 414 245 0.59
Old 785 639 0.81

VIC27 548 528 69.8% 82.6%
New 237 111 0.47
Old 700 578 0.83

SYDO02 294 231 42.0% 40.0%
New 406 347 0.85
Old 1,010 868 0.86

QLD25 577 513 57.1% 59.0%
New 433 355 0.82
Oold 880 648 0.74

VICO03 417 332 47.4% 51.2%
New 463 316 0.68
Old 1,170 935 0.80

SYD14 584 445 49.9% 47.6%
New 586 490 0.84
Old 790 958 121

SYD15 250 369 31.6% 47.1%
New 540 507 0.94
Old 680 934 1.37

SYD35 298 497 43.8% 53.3%
New 382 437 114
old 8933 7431 0.83

Average 460.4 397.1 51.5% 53.4%
New 4329 346.0 0.80

Economics of retrofitting
The EES data was collected as part of a field monitoring project to support the preparation of a PhD
thesis at the University of Melbourne, and was not specifically a retrofit trial. This means that no data

was collected on the cost of the replacement refrigerators. The selection of the replacement refrigerators

could be seen as essentially “business as usual” behaviour of the households and, except where the
households specifically chose to purchase a high efficiency refrigerator?’, it could be argued that there
was no additional cost to the householders and the energy savings were achieved for free. This

27 No information is available on the motivation of the households when choosing the replacement refrigerators.
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highlights the benefit of the minimum energy performance standards (MEPS) for refrigerators that have
been implemented through regulation by Australian governments in significantly increasing the energy
efficiency of the average refrigerator sold, as well as the least efficient refrigerators sold. This is
especially the case since the price of refrigerators in real (inflation adjusted) terms declined significantly
— by around 28% - between 1999 and 2014 [E3 2016].

Impact of the retrofits on the use of the refrigerators

Some economists argue that energy efficiency upgrade measures result in lower energy savings than
expected (anywhere between 10% to 50% less), because consumers choose to take some of the
energy savings as a higher level of energy service. This is sometimes called the rebound effect or the
take-back effect. For example, the Productivity Commission’s report on its inquiry into energy efficiency
[PC 2005] states that “energy efficiency makes energy appear cheaper relative to other items as less
money is required to purchase the same energy services. Consequently, the household will tend to use
more energy”. In the context of refrigerator replacements the presence of such an economic rebound
would mean that householders that chose an efficient refrigerator would chose a larger model, in some
sense “use” the refrigerator more, or perhaps would be less conscientious in their use of the refrigerator,
e.g. leave the door open for longer or place warmer loads of food or drink inside the refrigerator.

The results of this study suggest that there is little or no rebound effect associated with refrigerator
retrofits. In the SV houses the average volume of the new high efficiency refrigerators (469 Litres) was
lower than the volume of the old refrigerators that they replaced (516 Litres). For the EES houses the
size of the replacement refrigerator increased slightly — from 420 litres to 435 litres — although in this
case the households did not specifically choose high efficiency models, so this really reflects “business
as usual” behaviour.

The more detailed analysis undertaken by Lloyd Harrington showed that the usage of the refrigerators
before and after replacement was broadly equivalent in most houses (some showed higher usage and
some showed lower usage, which is expected given the largely random nature of the interactions) after
taking into account expected changes in refrigerator COP, which suggests that users treat the old and
new refrigerators in the same way [EES 2016]. Further, in practice the percentage energy savings that
were achieved were very similar, in fact slightly higher, than was expected from the performance of the
old and new refrigerators based on their Energy Labelling tests.
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Summary

Through the Refrigerator Retrofit Trial study Sustainability Victoria investigated the impact on energy
consumption of replacing older existing refrigerators with new refrigerators. This report is based on a
total of 21 refrigerator replacements in Australian (mainly Victorian) houses, based on data drawn from
two separate studies. A total of 7 refrigerators were replaced with new high efficiency models as part of
Sustainability Victoria’s Comprehensive Retrofit Trials. Refrigerator replacement data from an additional
14 houses, collected as part of field monitoring studies to support a PhD thesis at the University of
Melbourne, was also generously made available for the study by Lloyd Harrington of Energy Efficient
Strategies. Sustainability Victoria’s trials concentrated on high efficiency replacements, while the EES
data is based on “business as usual’ replacements where the new model was chosen by the
householders when existing refrigerators either failed and needed to be replaced, or were replaced for
some other reason.

Refrigerators are a ubiquitous appliance in our homes, and are one of the main areas of electricity use.
Virtually all Victorian households (99.9%) have at least one, and the average ownership in Victoria is 1.3
refrigerators per household. The replacement of older refrigerators with new high efficiency models was
investigated as part of SV’s On-Ground Assessment Study. It was estimated that the existing
refrigerator or freezer could be replaced in 87% of the 60 houses studied. Where the replacement of 2-
door refrigerators was modelled, the average energy saving was estimated to be 347 kWh per year per
refrigerator replaced, average greenhouse savings to be 379 kg COz. per year, and average energy bill
savings to be $97.1 per year for an average payback of 12.8 years. This suggests that if all old existing
refrigerators in Victorian houses were replaced with high efficiency models, this could produce Victoria-
wide electricity savings of 589.7 GWh per year, greenhouse gas savings of 634.4 kt COz. per year, and
reduce total energy bills by around $162.5 million per year.

In Victoria, and Australia more generally, the energy efficiency of the new refrigerators sold has
increased significantly over the last two decades, driven by mandatory minimum energy performance
standards (MEPS) implemented by Australian governments through the national Equipment Energy
Efficiency (E3) Program. MEPS regulations were first introduced in 1999 and made significantly more
stringent in 2005. Since 2005, the average efficiency of the new refrigerators sold has largely flat-lined,
and seems unlikely to increase significantly until the stringency of the MEPS standards are increased
again®®. One consequence of the efficiency improvements driven by the MEPS regulations is that
refrigerators that are more than 17 years old are likely to have a much higher energy consumption than
the new refrigerators sold today, especially the high efficiency models. This means that the old
refrigerators potentially provide a good energy saving opportunity when replaced by a new model,
especially a high efficiency model, and this was the key reason for undertaking this study.

Seven households participated in Sustainability Victoria’s Refrigerator Retrofit Trial. Metering equipment
was installed to measure the electricity consumption of the refrigerators at 1- or 2-minute intervals,
before and after replacement, and temperature sensors were used to record the ambient air
temperature of the room in which the refrigerators were located. Householder surveys were undertaken
before and after the refrigerator replacements to collect information on their level of satisfaction with their
refrigerators.

SV engaged Lloyd Harrington of Energy Efficient Strategies to analyse the energy and temperature data
collected during the Retrofit Trial, and to estimate the annual energy savings achieved by the
replacements over a typical year. One challenge with the Trial was that the refrigerators were monitored

28 Note that the analysis of Gfk data for [E3 2016] indicates that there was some improvement in the average

efficiency of refrigerators sold since the Star Ratings on refrigerators were re-graded in 2010.
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for only a three and a half month period, from late May to September, with the refrigerator replacements
taking place from early to mid-July. This monitoring period was chosen to suit the requirements of the
Comprehensive Retrofit Trials, which focussed mainly on building shell and heating system efficiency
improvements with the aim of significantly reducing winter energy consumption. Harrington employed a
sophisticated analysis methodology developed as part of his PhD research at the University of
Melbourne that allowed the key components of the energy consumption of the refrigerators to be
identified, and this was combined with the household temperature data to model the annual energy
consumption of the old existing and new high efficiency refrigerators on a month-by-month basis over an
entire year for each household. The annual energy and energy bill saving from the refrigerator
replacements were then calculated.

The average age of the refrigerators replaced in the SV houses was 16.9 years. Their ages ranged from
4 years (fairly new but did not seem to be functioning properly) to 25 years, with the majority being more
than 16 years old. At most of the houses one existing refrigerator was replaced with a new high
efficiency refrigerator (3.5 or 4.0 Stars), although at SVCR2 an existing 2-door refrigerator and chest
freezer were replaced with just one new 2-door refrigerator. The average volume (or capacity) of the old
refrigerators was 515.9 litres and the average volume of the new refrigerators was 468.7 litres. (If
SVCR2 is ighored the average volume was 469.8 litres before the replacement and 462.7 litres
afterwards, much more comparable).

Based on the Energy Labelling data for the refrigerators, the expected average annual energy
consumption was 1,116.4 kWh per year before the replacements and 398.9 kWh per year afterwards,
an energy saving of 717.5 kWh per year (or 64.3%). Based on the analysis of the metering data, EES
estimated that the actual average energy consumption of the refrigerators over a typical year was 913.4
kWh per year before the replacements and 297.7 kWh per year afterwards, an actual average energy
saving of 615.7 KWh per year (or 67.4%). The energy saving corresponds to an average annual
greenhouse saving of 815 kg CO... per year. The savings achieved in the Retrofit Trial are somewhat
larger than the modelled savings achieved in SV’s OGA study. This is likely to be due to the fact that in
this current study the retrofit target was inefficient older refrigerators, while in the OGA study the
replacement of a 2-door refrigerator was modelled if it had an energy rating of less than 2.5 stars. This
meant that in the Retrofit Trial the refrigerators that were replaced were older, less efficient and had a
higher energy consumption than the refrigerators in the OGA study. They were also slightly larger?®.

It was expected that the annual energy consumption of the refrigerators in Melbourne would be less
than the comparative Energy consumption (CEC) figure given on the Energy Rating Label, and this was
found to be the case — the ratio of actual consumption to Label consumption was 0.82 for the old
refrigerators and 0.75 for the new refrigerators, meaning that the actual energy savings were lower than
expected (a ratio of 0.86).

Householder satisfaction with their refrigerators increased significantly after the replacements. Existing
refrigerators were generally seen to be inefficient, noisy and poorly sealed, and in some cases were not
functioning properly. Most households found that their new refrigerator was quieter, and the increased
efficiency and potential for reduced electricity bills were also seen as an advantage.

The average cost of the new refrigerators purchased for SV’s Retrofit Trial was $2,122.7, and the
average energy bill saving was $169.3, giving a payback of 12.5 years if based on the full replacement
cost. However, in practice most old refrigerators are only likely to be replaced when they are at or near
their end of life, so the additional cost faced by the householders for choosing a high efficiency model is
the differential cost between the average new refrigerator and the high efficiency model. In this case the

2% In the OGA study the average age of the 2-door refrigerators was only 8.2 years, the average volume of the

refrigerators was 416.5 litres, and the average CEC was 662.7 kWh per year [SV 2015].
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average differential cost is around $637.1, giving a payback of only 3.8 years. Much of the efficiency
improvement and energy savings achieved by the replacement refrigerators has come essentially for
free, driven by the refrigerator MEPS requirements. The choice of the high efficiency refrigerators used
in the Retrofit Trial increases these savings further.

Lloyd Harrington collected energy consumption and ambient temperature data on refrigerator
replacements from an additional 14 houses, and analysed this data to estimate the annual energy
savings achieved. The average age of the refrigerators replaced in these houses was 17.6 years, with
ages ranging from 9 to 31 years; most refrigerators were more than 15 years old. As noted above, a key
difference with the SV Retrofit Trial was that the new replacement refrigerators were chosen by the
householders, with no direction to select a high efficiency model. The average volume (or capacity) of
the old refrigerators was 420.0 litres and the average volume of the new refrigerators was 434.5 litres,
only slightly larger. In most cases the householders chose a new refrigerator that was of a comparable
size or slightly larger, although in two of the houses the new refrigerator was somewhat smaller, and in a
few of the houses the new refrigerator was substantially larger.

Based on the Energy Labelling data for the EES refrigerators, the expected average annual energy
consumption was 893.3 kWh per year before the replacements and 432.9 kWh per year afterwards, an
energy saving of 460.4 kWh per year (or 51.5%). Based on the analysis of the metering data, EES
estimated that the actual average annual energy consumption of the refrigerators over a typical year
was 743.1 kWh per year before the replacements and 346.0 kWh per year afterwards, giving an actual
average energy saving of 397.1 kWh per year (or 53.4%). In Victoria, this energy saving corresponds to
an annual greenhouse saving of 525.8 kg COz. per year. Again, the actual annual energy consumption
of the refrigerators was lower than the comparative Energy consumption (CEC) figure given on the
Energy Rating Label — the ratio of actual consumption to Label consumption was 0.83 for the old
refrigerators and 0.80 for the new refrigerators, meaning that the actual energy savings were lower than
expected (a ratio of 0.86).

As the EES data was collected as part of a field monitoring project to support a PhD thesis at the
University of Melbourne no data was collected on the cost of the replacement refrigerators. However, as
the replacement refrigerators were selected by the householders, and this can be essentially seen as
“business as usual” behaviour, it could be argued that the significant energy savings — 397.1 kWh per
year or 53.4% - were achieved for free. This highlights the benefit of the MEPS requirements for
refrigerators that have been put in place by governments since 1999, especially since the real cost of
refrigerators has declined significantly since this time.

If we assume that “business as usual’ refrigerator replacements provide a 53.4% saving (EES study)
essentially for free, and targeted high efficiency replacements provide a 67.4% saving (SV study), based
on the SV Retrofit Trial data this suggests that the choice of a high efficiency model delivers an
additional average energy saving of around 127.9 kWh per year ($35.2 per year) for an additional cost
of $637.1, or a payback of 18.1 years.

Some economists argue that energy efficiency upgrades result in lower energy savings than expected,
because consumers choose to take some of the energy savings as a higher level of energy service.
This is referred to as the rebound or take-back effect. No evidence was found for the existence of a
rebound effect relating to refrigerator replacements in this study. In the SV houses the average volume
of the new refrigerators was lower than the average volume of the old refrigerators that they replaced.
For the EES houses the average size of the replacement refrigerators was slightly larger, although in
this case the households did not specifically select a high efficiency model and this is more
representative of “business as usual” behaviour. Further, in practice the percentage energy savings that
were achieved were very similar, in fact slightly higher, than was expected from the data on the
refrigerator Energy Rating Labels.
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The analysis of the refrigerator replacement data has also provided some useful insights into the factors
that drive refrigerator energy consumption, as well as into the relationship between the data that is
presented on the refrigerator Energy Rating Labels and how refrigerators actually perform in Australian
(mainly Victorian) homes.

As expected, the key component of refrigerator energy consumption was that component that depends
on the temperature difference between the ambient temperature of the room in which the refrigerator is
located and the inside of the refrigerator. This accounted for 82.2% of total energy consumption in the
old SV refrigerators and 72.8% in the new SV refrigerators. In the EES refrigerators the respective
figures were 81.3% (old) and 70.0% (new). This means that refrigerator design changes that reduce
heat entry (e.g. insulation) or increase the efficiency of the refrigerator compressor are the key pathways
to reducing refrigerator energy consumption further. User driven energy consumption (7.8% to 13.7%)
and total Defrosting energy (base + user) consumption (7.0% to 14.1%) were the next largest
components of refrigerator energy consumption.

The study found that the CEC figure on the refrigerator Energy Rating Label did not provide a
particularly accurate indication of the energy consumption of the refrigerators in actual use. While the
average ratio of measured actual annual energy consumption to the annual energy consumption figure
on the Label was 0.81 across all 43 refrigerators studied, the ratio varied from 0.44 to 1.21, or by a factor
of 3 [EES 2016]. This means that the Label is not particularly useful if a consumer is using it as a guide
to future energy consumption and energy costs.

Further, the Energy Rating Label found on new refrigerators does not provide a useful predictor of
potential energy savings when replacing an existing refrigerator with a new one [EES 2016], although it
should be noted that their main function is to allow consumers to compare the relative energy efficiency
and running costs of new models. In general, householders do not have access to the Energy Labelling
data for their old existing refrigerator, although historical databases available to government regulators
contain data for most refrigerator models sold going back to the early 1990s. In future, website tools
might be able to provide consumers access to old Energy Labelling data that would allow the energy
savings from an old to new replacement to be calculated. The results of this study suggest that this
would tend to overestimate the energy savings achieved — the ratio of actual to Label savings was 0.86
for both the SV and EES refrigerators — although the Labels do seem to provide a reasonably accurate
indication of the percentage savings that can be achieved.

The analysis methodology employed by EES for this study identified the key components of refrigerator
consumption from data measured in the field, and used these parameters to model actual energy
consumption based on the expected ambient temperature profile in the houses throughout the year. A
similar approach could be taken with the laboratory testing of refrigerators, and typical internal
temperature profiles used for different locations in Australia (e.g. Melbourne, Sydney and Brisbane) to
obtain a more accurate estimate of actual in-use consumption in these locations. While this data might
not be displayed on the Energy Rating Labels, it could be made available to consumers via a website.
This would require the steady state energy consumption of the refrigerators to be measured at a range
of different ambient conditions likely to be experienced in households to characterise their temperature
response®. The impact of user interactions would also need to be taken into account, and further
research is required to obtain a better understanding of this.

30 proposals currently under consideration by the Equipment Energy Efficiency Program, which use the new IEC62552-
3 testing standard as the basis for energy consumption measurements, should provide better data for potential

purchasers [EES 2016].
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Conclusions

This study has shown that replacing old existing refrigerators with new refrigerators can achieve very
significant energy savings, with savings in most cases exceeding 50%, and being somewhat higher
where high efficiency models were used. This is especially the case where the existing refrigerators are
more than about 15 years old. While it is very difficult for consumers to predict the energy saving that will
be achieved when replacing an old refrigerator, the age of the existing refrigerator can give an indication
of the relative size of the savings expected. If the old refrigerator was purchased prior to 1999, the
energy savings are very likely to be at least 50%.

The study has also highlighted the very significant impact that government mandated minimum energy
performance standards have had on refrigerator energy consumption, and will continue to have over
coming years as the stock of older refrigerators gradually fails and is replaced. Even under the “business
as usual’ replacements (EES study) the average energy saving achieved was 53.4%. The savings
achieved from the high efficiency replacements was only slightly higher (67.4%), and this reflects the
fact that the MEPS standards for refrigerators have been the key driver for efficiency improvements, and
these were last updated in 2005.
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APPENDICES

Al: The Victorian Refrigerator Market

Refrigerator market data

Refrigerators are a ubiquitous appliance in our homes. In Victoria virtually all households (99.9%) have
at least one refrigerator [ABS 2014]. Around 26.7% of households have two refrigerators, and around
2.9% have three or more, and the average ownership is 1.3 refrigerators. [ABS 2011] This suggests that
in 2016 there is around 3.1 million refrigerators in Victorian households.

Data on the retail sales of refrigerators in Australia, and individual states, over the period 1993 to 2014 is
available from the latest Greening Whitegoods report [E3 2016]. Over the five-year period 2010 to 2014,
sales of 2-door refrigerators have averaged around 218,230 units per annum in Victoria and Tasmania®!
(or around 198,590 units per annum in Victoria), making these one of the highest selling of the major
domestic appliances.

FIGURE Al: MARKET SHARE OF 2-DOOR REFRIGERATORS IN VICTORIA / TASMANIA
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Two door refrigerators currently account for 80% of all refrigerator sales (e.g. 1-door and 2.door). The
market share of the different types of 2-door refrigerators sold in Victoria / Tasmania has changed
significantly since 1993 (See Figure Al). In this year the cyclic defrost refrigerators accounted for 35.1%
of all refrigerator sales, compared to 34.5% for all the 2-door frost-free refrigerator types. Since the mid-
1990s, the market share of the cyclic defrost refrigerators has declined significantly, so that in 2005 they
accounted for only 0.4% of all refrigerator sales. Their market share has remained below 1% since that
time. The decline in the market share of the cyclic defrost refrigerators corresponded to a significant
expansion in the market share of the 2-door frost free refrigerators, especially the Group 5T refrigerators
(2-door frost free with a top mounted freezer), which saw its market share increase from 23.9% in 1995
to 51.3% in 2005. Since this time its market share has decreased slightly to be 43.6% in 2014. The

31 The Greening Whitegoods report is based on the analysis of data available from GfK, and the data for Tasmania is
combined with the data from Victoria. Based on population share we would expect that Victorian sales are 91% of the

combined sales in Victoria and Tasmania.
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market share of the Group 5B refrigerators (2-door frost free with a bottom mounted freezer) increased
from 12.7% in 2005 to 26.7% in 2014. The market share of the larger Group 5S refrigerators has also
increased somewhat, from only 2.5% in 2000 to 11.0% in 2014, although their market share was in the
range of 14 to 15% in the second half of the 2000s. [E3 2016]

The average sale price of 2-door frost free refrigerators®? (in nominal dollars®?) over the period 1993 to
2014 is shown in Figure A2, separated into Group 5T (orange), Group 5B (grey) and Group 5S (yellow)
types. The average nominal price of the Group 5T refrigerators has seen a steady decline since the mid-
1990s, while the average nominal price of the Group 5B refrigerators has increased steadily. This largely
corresponds to an increase in the size of this refrigerator type over this period (see Figure A3 below).
The average price of the larger side-by-side refrigerators seemed to undergo a spectacular increase in
the early 2000s**, but since then has decreased significantly so that it is now around the same as the
Group 5B refrigerators.

FIGURE A2: AVERAGE UNIT PRICE OF 2-DOOR FROST FREE REFRIGERATORS IN VICTORIA /TASMANIA, NOMINAL
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Technical characteristics of the new refrigerators sold

The Gfk data analysed for the Greening Whitegoods report [E3 2016] provides insights into how the
technical characteristics of the new refrigerators sold in Victoria / Tasmania has changed over the last
two decades.

The average total volume®® (in litres) of the 2-door refrigerators sold in Victoria / Tasmania from 1993 to

32 Group 4 refrigerators have not been includes as their sales are very low after 2005, resulting in a very high level of
volatility in average prices from year to year.

33 This is the price in the year it was recorded. Prices have not been adjusted to take inflation into account. If this
adjustment was made the “real price” would be lower than the nominal price after 1993, if this was the base year.

34 Note that the apparent spike in the average price of Group 5S refrigerators in 2001 may be an artefact of the way in
which the data was collected, including the percentage of the total market covered by the data and the way in which
it was reported by Gfk.

35 This is the volume of the fresh food and freezer compartments, as well as any other compartments (usually very

minor) in the refrigerators.
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2014 is shown in Figure A3. The cyclic defrost refrigerators (Group 4) have generally been smaller than
the other refrigerator types, and the average size of these refrigerators has declined markedly since the
mid-2000s. The average size of the Group 5T and 5B refrigerators was similar, and in the range of 400
to 420 litres, in the early 1990s, but since 1996 the average size of the Group 5B refrigerators has
increased to be over 500 litres, and the average size of the Group 5T refrigerators has decreased to
below 400 litres. The Group 5S refrigerators have always been the largest, with an average size
generally in the range of 600 to 650 litres over the period 1993 to 2014. Note that the overall average
size of the 2-door refrigerators sold is increasing as the share of Group 5B refrigerators increases and
the share of the Group 5T refrigerators decreases. The share of Group 5S refrigerators is now also
declining, being replaced by large “French door” type Group 5B models. [E3 2016]

FIGURE A3: AVERAGE TOTAL VOLUME OF 2-DOOR REFRIGERATORS SOLD IN VICTORIA / TASMANIA
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An alternative way of measuring the ‘size’ of refrigerators is by the adjusted volume. This is the fresh
food volume plus the freezer volume multiplied by 1.6. The adjustment factor applied to the freezer
volume is used to account for the fact that because the freezer compartment is colder than the fresh
food compartment, the freezer will use more energy per unit volume. If two refrigerators have the same
total volume but one fridge has a larger freezer, this refrigerator will have the largest adjusted volume
and, for the same level of energy efficiency, will use more energy. Figure 4 shows how the average
adjusted volume of the refrigerators sold in Victoria / Tasmania has changed over the period 1993 to
2014. This tells a similar story to the total refrigerator volume shown in Figure A3, although the adjusted
volume is larger than the total volume.
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FIGURE A4: AVERAGE ADJUSTED VOLUME OF 2-DOOR REFRIGERATORS SOLD IN VICTORIA / TASMANIA
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One measure of the energy efficiency of refrigerators is the specific energy, or the annual energy
consumption per unit of adjusted volume, based on the refrigerator energy labelling test. The average
specific energy of the 2-door frost-free refrigerators sold in Victoria / Tasmania over the period 1993 to
2014 is shown in Figure A5. It is clear that the average specific energy of the refrigerators has declined
significantly (by around 50%) since 1993, first to meet the initial refrigerator MEPS introduced in 1999
and then to meet the more stringent refrigerator MEPS introduced in 2005. Since 2005, the average
specific energy of the refrigerators sold has essentially flat-lined at around 1 kWh per year per litre of
adjusted volume. While they initially had the highest specific energy, the specific energy of the 2-door
side-by-side refrigerators (Group 5S) has shown the most dramatic decline over the last two decades,
and is now slightly lower than for the Group 5T and Group 5S refrigerators.

FIGURE A5: AVERAGE SPECIFIC ENERGY OF 2-DOOR FROST FREE REFRIGERATORS SOLD IN VICTORIA /
TASMANIA
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FIGURE A6: AVERAGE COMPARATIVE ENERGY CONSUMPTION OF 2-DOOR REFRIGERATORS SOLD IN VICTORIA /
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The Energy Labelling test for refrigerators is used to calculate the Comparative Energy Consumption
(CEC) of the refrigerators, or their estimated annual electricity consumption (in kWh). As is evident from
Figure A6, the average CEC of the refrigerators sold in Victoria / Tasmania has decreased significantly
since 1993. As with the specific energy this has been driven by both MEPS1 in 1999 and MEPS2 in
2005, and the average CEC of all types of refrigerators has largely flat-lined since this time. The average
CEC of the larger side-by-side refrigerators (Group 5S) was much larger than the average for the other
types of refrigerators in 1993, but has declined dramatically since. The average CEC of these
refrigerators in 2014 was 669 kWh per year compared to 1,706 kWh per year in 1993, a reduction of
60.8%.

In Australia refrigerators are required to display an Energy Rating Label when they are sold. This label
provides an Energy Rating from 1 to 10 stars at the top of the label, and also provides the Comparative
Energy Consumption in a box in the middle of the label. The Energy Ratings allow consumers to make a
guick comparison of the energy efficiency of the different models with a similar size (or volume). The
average Energy (or Star) Ratings of the 2-door refrigerators sold in Victoria / Tasmania between 1993
and 2014 are shown in Figure A7°¢. Note that the rating scales were regraded in 2000 and again in
2010, so that after the re-grading the same refrigerator received a lower energy rating. This is why the
refrigerators in the early 1990s have negative energy ratings in Figure A7. As was seen with both the
specific energy and the CEC, the energy efficiency of the 2-door refrigerators has increased significantly
over the last two decades, driven by the MEPS regulations, but the rate of improvement has decreased
markedly since 2005.

36 The graph shows the average Star Rating Index (SRI), which can be any number between 1 and 10, based on the
current (2010) rating scale. The Energy Ratings shown on the Energy Rating Label are based on 0.5 Star increments
between 1 and 6 Stars, and 1 Star increments between 7 and 10 Stars. For example a refrigerator with an SRI between
2.0 and 2.49 would have an Energy Rating of 2.0 Stars.
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FIGURE A7: AVERAGE ENERGY RATING OF 2-DOOR FROST FREE REFRIGERATORS SOLD IN VICTORIA / TASMANIA
(2010 RATING SCALE)
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Introduction

This Appendix describes the methodology used by EES to disaggregate the measured energy
consumption of the refrigerators monitored into its key components. This was necessary for those
refrigerators that were monitored for less than a year (e.g. the SV refrigerators), to allow the annual
energy consumption, and therefore the annual energy savings from the refrigerator replacements to be
calculated. It is based directly on the report prepared by Lloyd Harrington [EES 2016], with some minor

edits.

The key components used to estimate the energy consumed by each refrigerator are:

The ambient room temperature where the refrigerator is located. Using the available data, an
annual temperature profile for each house was developed based on whether it is warmer or
cooler than a typical house in that climate, based on the analysis in [Harrington et al 2015];

The refrigerator energy consumption data was disaggregated to estimate the steady state
power consumption of the refrigerator for a range of ambient temperatures. This included a
small adjustment to take account of any compartment control adjustments during the monitoring
period;

Defrost and recovery characteristics — based on extensive laboratory data, the incremental
energy associated with each defrost and recovery event is most accurately estimated by the
defrost heater energy plus a fixed energy component that is dependent on the product design.
The heater energy can be readily estimated from the raw energy consumption data, and the
detailed methodology below provides describes how the fixed energy component can be
estimated from the energy consumption data for each refrigerator model;

Defrosting frequency — this parameter can be readily observed from the energy consumption
data. The frequency of defrosting is driven by two key components: the type of defrost controller
used and the amount of user interaction that generates frost on the evaporator. For compressor
run-time controllers, the defrost frequency is usually relatively short and is mostly driven by
ambient temperature, with some small impact from user interactions. The actual run-time (hours
of compressor “on” time) between defrosts can be accurately estimated from the energy
consumption data. In contrast, variable defrost controllers, which aim to optimize defrost
intervals through the use of electronic controls, tend to have longer defrost intervals during
periods of low user interaction and shorter intervals during periods of heavy use. The analysis
methodology allows defrost energy to be broken into baseline defrost energy (that would occur
with little or no user interaction) and user driven defrost energy; and,

Energy impact of user interactions with the appliance from door openings and the insertion of
food and drink is an important component. Ambient humidity can also have some impact on
apparent user generated energy (as well as defrost frequency), although this component has not
been examined for this study. User interactions are estimated as the difference between the
actual energy consumption for each compressor cycle and the expected energy consumption of
the same compressor cycle for the given ambient temperature. This provides a basis for
estimating user interaction from day to day across the monitoring period.

Review of a wide range of available data by EES shows that indoor temperatures are strongly seasonal
throughout the year. Data also shows that there are daily and time-of-day variations as well, but monthly
average indoor temperatures appear to provide a reasonable basis for estimating the energy
consumption of refrigerators during normal use as the temperature range within each month is relatively
narrow. As would be expected, a significant proportion of the total refrigerator energy consumption
varies throughout the year with seasonal changes in indoor ambient temperature. Run-time defrost

62



REPORT

controllers have only a small variation in seasonal defrost energy consumption, while variable defrost
controllers have a larger seasonal variation in defrost energy consumption. Unsurprisingly, user
interactions are also fairly seasonal, although there is a large day-to-day variation, and to some extent
this seasonal variation appears to be partly driven by ambient temperature in the house as well as the
outdoor temperature.

For the modelling undertaken for this report, it has been necessary to assume some standardised
profiles for both user driven defrosting energy and user interactions throughout the year so that the
energy consumption of the existing and new refrigerators could be compared on a fair basis. All the field
data shows that winter is generally the lowest part of the year for these parameters (with a relative factor
of 1.0) and summer is the highest part of the year (with a relative factor of 2.0). Intermediate values are
based on a sine wave function with a value of 1 in winter and 2 in summer. A review of a large number
of households by EES shows that some households may show a weaker or stronger seasonal impact
that the standard profile assumes. However, this can only be assessed where there is a long monitoring
period. For most of the cases examined in this report, one or both of the appliances have only been
monitored for a relatively short period, so the seasonal impacts cannot be fully assessed. To provide the
most defendable assessment of energy savings, a standard seasonal profile has been applied to all
houses, and to both the existing old and new appliances. However, the actual energy components that
are scaled are specific to each household and each refrigerator.

The key point to note is that the total energy consumption of the refrigerators is as measured in the field.
The methodology provides a rigorous engineering approach to separating these different components of
refrigerator energy use on an ongoing basis over the whole monitoring period. While some judgment
and skill is required to fine tune this separation process, the method does not change the overall energy
consumption of the refrigerator as measured. It is merely apportioning the measured energy into its
components, so the consequences of even moderate errors are relatively small. The methodology then
allows the energy consumption components to be projected more accurately over a wider range of
usage conditions and over a longer period, such as a typical operating year.

Another consideration is that the standard operating conditions developed for each house reflect the
likely long term conditions in those houses. Actual monitoring may cover periods (such as extreme
weather events, absences such as holidays and celebrations) that are not that representative of longer
term typical conditions and, to allow fair comparison, these events are usually smoothed out into generic
annual profiles.

Analysis methodology

Nearly all domestic refrigerators consist of an insulated cabinet and a compressor, evaporator and
condenser (with associated components) that use the vapour compression cycle to act as a heat pump
to extract heat energy from inside the cabinet and then reject this heat to the ambient space around the
refrigerator. The capacity of a refrigerator’s heat pump is designed so that it can maintain suitable
storage conditions inside the refrigerator during the more severe operating conditions (hot ambient air
temperatures) and periods of heavy user interaction. This means that under normal operating
conditions, the compressor tends to cycle on and off to maintain the required temperatures inside the
refrigerator. Over a whole compressor cycle, the run-time is defined as the time that the compressor is
on. This can also be represented as a percentage run-time (on time over total time). Most, but not all,
refrigerators also use a remote evaporator which requires defrosting from time-to-time.

Some typical refrigerator power consumption data measured in a laboratory around a defrost event is
shown in Figure A8 [EES 2016]. Note that there may or may not be a gap between the compressor
operation in the cycle before the defrost heater activates and when the heater turns on. There is almost
always a gap after the defrost heater turns off and before the compressor starts the recovery cycle.
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In a test laboratory, the ambient temperature is maintained at a constant value and there is no user
interaction, so most refrigerators operate in a steady state condition, punctuated by occasional defrost
and recovery events. During normal use, such as the refrigerators monitored for this project, the ambient
temperature varies continually, and there are also user interactions which are highly random in nature.
This presents a number of interesting challenges for this type of analysis, which uses data measured in
the field.

FIGURE A8: SAMPLE DATA FOR A REFRIGERATOR SHOWING STEADY STATE, DEFROST AND RECOVERY EVENTS

200

Compressor starts

Recovery cycle
Compressor off,
defrost heater on
(no gap)
j \ \\ / /

-~ |~

=
15
o

=
[=3
o

Refrigerating appliance input power W

3]
o

U UL o U UL

0 100 200 300 400 500 600 700 800

Sampling interval (30 sec)

The first step when analysing refrigerator data is to break up the data into compressor cycles, typically
from compressor start to compressor start. For most refrigerators with a separate defrost cycle, the
defrost heater operates at a significantly higher power level than the compressor, so the defrost heater
event can be readily identified and isolated using mathematical routines applied to the raw data. It is
important to identify defrost events as well as the short cycle before the defrost heater turns on and the
longer recovery event after. These three cycles, in tandem, need to be treated separately during the
analysis process in order to separately identify the additional energy associated with defrosting and
recovery.

Most refrigerators in use in Australia today use single speed compressors, so the compressor power
when on is relatively constant, allowing the start to be readily identified. A few refrigerators monitored for
this study had inverter (variable speed) compressors, but these operated in a manner similar to single
speed units, particularly during cooler ambient temperatures during the winter months, where most
inverters tend to cycle on and off.

The power consumption of the compressor at the start of a cycle is usually higher, due to the cool
condenser temperature and the associated higher refrigerant flow rate with low back-pressure. There is
also a current surge when the motor starts, which accounts for a very small amount of additional energy
consumption during a compressor start. Figure A8 shows the almost instantaneous power consumption
of a compressor (30 second sampling interval), with the characteristic spikes at the start of the
compressor and the initial higher power consumption for the first minute or two of operation. For the
project which forms the basis of this report, data loggers that measure true average power over the
logging interval (usually 1 or 2 minutes) were used. This equipment smooths out the start spikes that are
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evident in Figure A9.

As the data loggers record data at fixed time intervals, a compressor start may occur at any moment
during the logging interval. Because the power value recorded is a true average over the 1 (or 2) minute
period, when the compressor start occurs half way through the logging interval, the average power
recorded will be half way between the compressor “on” power and the compressor “off’ power. Using
this information allows an exact start time to be estimated by interpolation for each compressor start to
the nearest second, which provides a more robust basis for estimating average cycle power and cycle
time. The small variation in “on” power at the start of each compressor cycle only results in an error of a
second or two for the start time, which is a considerable improvement over a one minute resolution.

FIGURE A9: PLOT OF COMPRESSOR POWER FOR A TYPICAL REFRIGERATOR USING DATA LOGGERS FOR THIS
PROJECT

140

|

Compressor "on" event a bit
before half way through the
recording period

N
3 8
\
-

60

Compressor "off" event
earlier in the recording

period

m / -
e N

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Recording interval (2 min)

40

Average power for each recording interval W

The energy consumption (or average power) over each compressor cycle provides more useful
information about the refrigerator operation than any other approach used to analyse the raw data. Daily
and monthly average data can provide some insights, but that level of data aggregation does not allow
the impacts of ambient temperature and user interactions to be separated. The monitoring period for this
project was too short to provide much insight using these higher level approaches. Using the total
energy over each compressor cycle divided by the cycle time allows an estimate of average power for
each compressor cycle. This allows a more sophisticated analysis approach that can separate user
interactions from temperature-induced energy consumption, as set out in the following sections.

Steady state analysis approach

It is well known that, in the absence of any user interactions, refrigerator energy consumption is driven
by ambient air temperature. Under laboratory conditions, the average power consumption of a
compressor cycle increases as the ambient temperature increases so that the power response to
changes in ambient temperature is a gentle upwards curve. This is because the heat gain increases in a
linear fashion with temperature difference (ambient air to refrigerator compartment temperature), but the
coefficient of performance®” (COP) of the refrigerator declines with an increase in temperature difference

37 This is the ratio of the output capacity (or cooling power) of the refrigerator to the input power consumption. The
higher the COP, the more efficient the refrigeration process is.
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between the evaporator temperature - which is somewhat colder than the compartment temperature,
and can be assumed to be roughly constant - and the temperature of the condenser, which is somewhat
warmer that the ambient air temperature and can be assumed to be a linear function of the ambient
temperature. The relationship between the average power consumption of a compressor cycle (or
steady state power consumption) and ambient air temperature of some typical products is shown in
Figure 5 in Chapter 2.

During normal use, a range of user interactions can occur, such as door openings and the insertion of
warm food and drinks into the refrigerator compartment. Door openings and contents such as fruit,
vegetables, liquids and drinks can also increase the humidity inside the refrigerator. These actions
generate additional latent and sensible heat loads inside the refrigerator compartment, so that the
refrigerator has to use additional energy to remove these heat loads and maintain internal temperatures
within its programmed temperature limits. Temperature limits are defined by the user selected
temperature control and the hysteresis in the appliance controller (typically of the order of 2K to 4K
variation). User interactions usually result in longer compressor run times and a higher duty cycle
(percentage of time during a cycle that the compressor is “on”). The compressor cycle length (in
minutes) may increase or shorten in response to user loads and changes in ambient temperatures,
depending on the compartment in which the load is added, the refrigerator design and operation, and its
ability to balance the cooling load into each compartment.

The overall approach used to the analyses for this project is to split the refrigerator operation into
individual compressor cycles for the whole monitoring period. To do this, a bespoke piece of software,
developed by Lloyd Harrington as part of his PhD work on household refrigerators at the University of
Melbourne, was used. The basic approach was to:

o Examine the raw power consumption data and identify each compressor cycle or defrost heater
“on” event, using threshold power levels to differentiate these events;

e Using interpolation from the average power consumption data, estimate the exact start time of
each event;

e Using interpolation, estimate the exact time during the cycle that the compressor or heater turns
off;

o Calculate key parameters for each cycle such as the average cycle power, average “on” power,
average “off” power, the type of cycle (see below), cycle time in minutes, % of the cycle “on”, %
of the cycle “off”, and cycle energy in Watt-hours (Wh); and

¢ Import data on the average ambient temperature for the house during the specific compressor
cycle being analysed.

Power thresholds for each type of event such as compressor “on” and defrost heater were manually
entered for each refrigerator after inspection of the data collected at each house. According to the
settings for the specific refrigerator, during the analysis each cycle is tagged with an identifier as follows:

-1 = Start/End of a file - incomplete cycle
0 = Start of file - incomplete cycle

1 = Normal steady state cycle

2 = Cycle before a defrost

3 = Defrost heater operating

4 = Cycle after a defrost (recovery)

8 = Cycle that appears to have a power outage
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9 = Cycle after a power outage

EOF = Block of missing data between data files - ignore

It is important to exclude cycles that appear to be associated with power outages as these can have
very low average power consumption. The cycles that follow a power outage have a higher than normal
power use as the appliance recovers back to hormal operating conditions. So, excluding these from
normal use makes the data analysis more robust.

With all of the raw data disaggregated into separate cycles, it was then possible to undertake detailed
analysis. The first step was to plot ambient air temperature (X-axis) against average cycle power (Y-
axis) on a scatter diagram for the data collected over the entire monitoring period. When the data is
presented in this way (see Figure A10), the compressor cycles appear as a “cloud” on the diagram.
Usually there are three (or four) distinct data clouds: a lower cloud (normal usage with some or no user
interaction); an intermediate cloud (recovery periods and the period immediately before a defrost cycle,
which may lay together or be separate); and, a higher cloud (defrost heater operation).

FIGURE A10: SCATTER DIAGRAM OF ALL CYCLES FOR THE MONITORING PERIOD, HOUSE SVCR5
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The steady state (or compressor cycle) data was also examined separately, as shown in Figure A11.
The lower edge of this cloud of data can be regarded as the average steady state power consumption of
the refrigerator with no user interaction at the given ambient temperature. A curve was then fitted to the
lower edge of the data cloud and used to characterise the steady state operation of the refrigerator over
a wider ambient operating temperature range.

The lower edge of the steady state curve may not be distinct for the number of reasons. Firstly, products
that use an ambient temperature (or run time) activated ambient compensation heater, or an ambient
controlled anti-condensation heater, will appear to have variable base average power consumption at a
specific ambient temperature. It is possible to detect when such a heater is on or off by the difference in
the off mode power. This allows a more sophisticated model to be developed that tracks the ambient-
steady state power function more accurately. Therefore two separate curves are required where there is
a switching low ambient heater present. None of the refrigerators monitored in SV’s Retrofit Trials had
temperature-activated ambient compensation heaters, but these are common in some of the
refrigerators (e.g. F&P models) that were monitored as part of Lloyd Harrington’s research (EES
refrigerators).
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FIGURE Al1l: EXAMPLE OF STEADY STATE COMPRESSOR CYCLE DATA FOR THE MONITORING PERIOD, HOUSE
SVCR5
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Another factor that can make the lower edge of the data cloud appear indistinct is where refrigerators
have a sequence of long and short compressor cycles. This typically occurs in refrigerators with
electronic controls which can vary the cooling input into each refrigeration compartment. For example, at
low ambient air temperatures some refrigerators cool the freezer compartment on every compressor
cycle, and cool both the fresh food and freezer compartments on every second compressor cycle. This
appears as a short cycle followed by a long cycle, with lower and higher power than would be expected
for even length cycles at a given temperature. A similar effect can occur when there is significant user
interaction — the refrigerator may react to a user load and overcool the contents slightly. The following
cycle may be shorter and of lower power than expected - this is called “coasting’.

Another common factor is that occasionally users may change the control settings in the fresh food
compartment (most commonly) or freezer compartment (less commonly) from time to time. This in effect
will change the lower edge of the steady state cloud. Some skill is required to fit the curve to best match
the data.

The curve depicting the ambient temperature response for the appliance is required so that the energy
consumption associated with user interactions can be separated from the energy consumption
associated with the changes in ambient temperature in the room. This is quite important to understand
over the long term when examining seasonal impacts on energy consumption. However, small errors in
individual compressor cycles are not that significant as the approach is apportioning a share of the
energy consumption into each of these elements, and the total energy consumption remains the same.
It is important where the analysis is attempting to characterise the appliance operation over a wider
range of conditions, e.g. over a full year of operation based on data collected over only a few months of
the year.

The methodology deployed for this project involves fitting a curve as depicted in Figure Al1, and then
reviewing the sequence of data collected to generate the “base power” on a continuous basis for
comparison with the actual average power per cycle to assess whether the base power (ambient
temperature response curve) using the curve for the period examined is representative. Where this is
low for any extended period, an adjustment factor is added to the base power to give a better fit to the
actual data.
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Figure A12 shows the actual power consumed for each compressor cycle (blue line) and the estimated
baseline power based on the ambient response curve for the appliance (red line), adjusted for any
changes in user control. This figure only shows steady state cycles (defrost and recovery events have
been excluded). It is evident from this figure that the ambient temperature is the main driver of energy
consumption. Conceptually, the blue line should never fall below the red line, as this represents the
minimum power that the appliance is expected to use at the ambient temperature during that
compressor cycle. The red line and blue line should coincide from time to time as the appliance recovers
from user interactions and reverts back to steady state operation. This often occurs overnight, but some
larger user loads (like food and drink) can take up to 16 hours to fully cool, so on some days the blue
line may always lie above the red line.

FIGURE A12: EXAMPLE OF ACTUAL DATA VERSUS MODELLED DATA FOR REFRIGERATOR, HOUSE SVCR5

Period Starting 27/6/2013 Site: SVCR5, RF0271
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Defrost analysis approach

Many years of experience with the new IEC standard, including intensive development work for the IEC
and the Australasian round robin testing of refrigerators in 2014 [Harrington 2015] has enabled the
defrosting behaviour of refrigerators to be well understood and characterised using just a handful of key
parameters. In a laboratory setting, with no user interaction, the IEC analysis approach can calculate the
additional energy associated with a defrost and recovery event with great accuracy. The overall
approach is to look at the energy consumed during defrost and recovery events (including steady state
on either side) and to estimate the additional energy of the defrost event after taking away the steady
state power (energy) that would have occurred during the period that the defrost event occurred. In
general terms, the incremental defrost and recovery energy (known as AEg) is a fairly stable value.
Analysis undertaken for the round robin testing revealed that the additional energy associated with
defrost and recovery can be approximated as the defrost heater energy plus a fixed energy
consumption (in Wh). The fixed value will vary by model and can be considered as a characteristic of a
particular refrigerator.

Detailed analysis has shown that a significant proportion of the energy associated with a defrost event is
relatively fixed as the energy associated with heating of the evaporator metal and the refrigerant, and
subsequent cooling, makes up a majority of the total additional energy. There is some variation in
energy associated with the variation in frost load on the evaporator.
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However, using field data presents many problems, because typically there is continual user interaction
and the ambient air temperature is constantly changing. This makes an analysis that is based on the
IEC approach impossible. However, the energy associated with the defrost heater can be accurately
separated during the analysis, and this provides a key piece of data. The approach used for this project
involves the following steps:

o Identifying each defrost heater event;

¢ Adding the total measured energy associated with the compressor cycle before the defrost
heater (pre-cool) and the compressor cycle after the defrost heater (recovery cycle)

e Subtracting the expected base load (steady state) power that the appliance would use at the
ambient temperature during the defrost times the length of the three associated cycles (pre-cool,
defrost heater, recovery);

e Subtracting the defrost heater energy to give net energy (Wh) for the three cycles;

¢ When the net energy is plotted for every defrost event, it usually becomes clear that there is a
minimum value that occurs for the refrigerator — an example is shown in Figure A13. From this
figure it is evident that the minimum value is about 30 Wh for this particular refrigerator (EES
refrigerators generally had 400 to 700 defrost cycles, so this provided a more certain estimate
than for the SV refrigerators);

e The analysis approach then adds the selected minimum to the defrost heater energy to estimate
the additional energy associated with defrost and recovery for each defrost;

¢ All additional energy that occurs during a defrost (above the heater energy plus the fixed value)
is allocated to user related processing load;

Most refrigerators have a fixed value in the range 15 to 35 Wh on top of the defrost heater energy. Older
and poorly performing products can be as high as 100 Wh, although values of more than 50 Wh are not
very common.

FIGURE A13: NET ENERGY FOR ALL DEFROST AND RECOERY EVENTS FOR REFRIGERATOR, HOUSE SVCR5
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It is also possible to plot defrost heater energy for each defrost event. This is useful as it gives an
overview of how consistently the product is defrosting and it ensures that the defrost energy has been
correctly extracted. One important impact established during laboratory tests, and confirmed during field

measurements, is that the defrost heater energy for a new refrigerator is generally quite low for the first 6
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to 8 defrost events. An example is illustrated in Figure Al4, which is one of the new SV refrigerators.
The typical variation in defrost heater energy from defrost to defrost is usually less than 10% once the
energy value has stabilised

FIGURE Al4: DEFROST HEATER ENERGY FOR ALL DEFROST EVENTS, HOUSE SVCR5
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In general terms there are four different defrost control types used on domestic refrigerators:

Variable or smart defrost — these electronic controls are found in most new products and monitor a
range of parameters such as temperature, compressor run time, door openings and defrost heater on-
time, and use algorithms to continually adjust the defrost interval so that the level of frost at the time of
defrosting is not too low or too high®8. They aim keep the defrosting time (and energy) within a narrow
range;

Run-time defrost controllers were the most common type of controller up until about 2000 to 2005,
when variable defrost controllers took over. They are a mechanical control that uses a simple timer to
sum up compressor run time (on hours), and once it has reached the pre-set value, it activates a defrost
event and resets the timer. When the compressor works harder - due to higher ambient temperature or
more user interaction - the interval between defrost cycles reduces because the compressor is on more
often. The frost load is generally expected to be low as these types of controllers have a pre-set run time
that has to cope with the most onerous conditions (warm temperatures and high humidity), so they tend
to defrost at fairly short and regular intervals;

Fixed elapsed time controllers — these are quite unusual in Australia, but they are found in some
Japanese products. These products have a relatively constant defrost interval that is fairly independent
of operating conditions and user interaction. One refrigerator in the SV sample appeared to have this
type of controller, and one of the EES refrigerators also had a controller that was similar, although
defrost intervals did vary somewhat, but were short (both were Japanese products); and

No automatic defrost (manual defrost) — only one SV refrigerator was in this category (separate
freezer), but there were 6 EES refrigerators with no defrost (Group 1, 2 or 4 products).

Interestingly, variable defrost controllers appear to have more variation in defrost heater energy as they
are continually adjusting the algorithm that decides when to initiate a defrost event. Run-time controllers

38 Most variable controllers have a programmed ideal target heater on time range and they use an internal algorithm

to shorten or lengthen defrost intervals to keep the “heater on” times within the target range.
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show lower variability, but they waste energy by defrosting at very regular intervals with low frost load in
most cases.

Older frost-free refrigerators usually have run-time defrost controllers. Nearly all of the old SV
refrigerators in this study used run time defrost controllers. Five refrigerators were found to have run
time of 5.9 hours, and two at 8 hours (overall average of 6.5 hours). The old EES refrigerators were a
mix of run time controllers and variable defrost controllers. The six units with run-time controllers had an
average run-time of 8.1 hours, with a couple of models at 12 hours. All but one of the new replacement
refrigerators had smart defrost controllers which use various types of fuzzy logic to adjust defrost
intervals to be a long as possible without compromising performance. The new refrigerator for house
CR10 appeared to have a fixed time defrost controller.

For each refrigerator, the time of day that defrosts occurred was also examined. The defrost events
were mostly found to occur some hours after the heaviest periods of use. Effectively, this transfers some
usage-related loads to a later time of day. While the pattern varied somewhat by household, defrost
events appeared to occur most commonly after breakfast, during the evening and in the early morning —
Figure A15 provides a frequency distribution of defrost event times for SVCRS5.

FIGURE A15: DEFROST EVENTS BY TIME OF DAY, HOUSE SVCR5

Defrost occurrence by time of day (all data) at site: SVCR5, RF0271
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In order to estimate annual energy for each of the main defrost controller types, the following
approaches were used:

Variable controllers: defrost intervals were examined and the longest observed defrost interval was
noted or estimated. This was used to estimate the base energy related to defrosting when there was no
user interaction. Note that even without user interaction, there is still some interaction between the room
air and the refrigerator compartments — room air is drawn in as the air in the refrigerator compartment
cools during compressor operation and compartment air is expelled as the compartment warms when
the compressor is off. Most variable controllers have default ‘time-out’ maximum defrost intervals when
there is no user interaction. These can be as long 90 hours for some models. An example of defrost
interval data collected over a full year of operation is provided in Figure A16. In this case the maximum
defrost interval used to calculate the base defrosting energy was 60 hours. For variable defrost
controllers the defrost interval shows some seasonal variation, as expected, with shorter intervals during
the summer months and longer intervals during the winter months. The fixed defrost energy (in Wh/day)
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is assumed to be the standard as the AE value for the appliance, multiplied by 24 hours divided by the
longest observed or estimated defrost interval.

FIGURE A16: EXAMPLE OF DEFROST INTERVALS BY MONTH OVER A YEAR FOR A VARIABLE DEFROST
CONTROLLER

Defrost interval by month (all data) at site: VIC-05, RF0001
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The user-induced defrost energy for each month was calculated as the average defrosting energy (in
Wh/day) minus the base defrost energy. The SV refrigerators were monitored over a relatively short
period during winter and early spring, so no seasonal trends were evident. Most EES refrigerators were
monitored over a much longer period and data from these refrigerators was examined to assess the
extent of seasonal variation. User-induced defrost energy for variable defrost controllers for 4 different
refrigerators at 3 sites is shown in Figure A17. While the user-induced defrost energy is somewhat
variable from month to month, the overall trend is for lower values in winter and higher values in
summer. Some householders have holidays in December and January, so February is perhaps a better
and more consistent representation of user-induced defrost energy during summer. For the purposes of
estimating annual energy consumption, it is assumed that user-induced defrost energy in summer is
about double the typical winter value. To provide a smooth seasonal scaling of data, a function based on
a sine curve with the maximum in January using the July value as a base was used.

As a general observation, the base defrosting energy for variable defrost controllers is generally very
small, as the unit defrosts at very long intervals during periods of low user interaction. Conversely, the
user-induced defrost energy is a larger proportion for these controllers. The overall energy used by
variable defrost controllers is of the order of 50% of that used by run-time controllers in most cases.
However, this depends on the run-time for the particular unit. For example, RF0249 (old refrigerator) in
Sydney had a similar total defrost energy to RF0255 (new refrigerator) over a whole year, but this old
unit had a very long run-time controller of 12 hours and Sydney is significantly more humid than most of
Victoria (this house was near the coast).
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FIGURE A17: LONG TERM SEASONAL VARIATION IN USER INDUCED DEFROST ENERGY FOR VARIABLE DEFROST
CONTROLLERS
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Run-time defrost controllers: these are conceptually straightforward to model as a defrost event
occurs every X hours of compressor run time (or compressor on time). However, the underlying
calculations are a bit complicated. Using the representative ambient response curve for the refrigerator,
the steady state power (Pss) was estimated for the monthly average room temperature in the house for
each relevant particular refrigerator. As the compressor “on” power varies slightly with temperature, a
linear function that estimated average compressor power when “on” for all cycles was used to estimate
the average compressor power for the monthly average room temperature in the house. The steady
state power (Pss) is divided by the average compressor “on” power (Pcompressor) multiplied by 24 (hours
per day) to give the estimated hours of compressor running time per day, under steady state conditions
at the specific ambient temperature. The base defrost energy for a run-time controller can then be
estimated from the following equation:

F:gs AEdf
Base defrost energy = ——=— x 24 x

compressor rt

Where AEq is the incremental defrost and recovery energy and tr is the fixed compressor run time
between defrosts for the particular model as determined from field measurements for the refrigerator,
where base defrost energy is in Wh/day.

The user-driven defrost energy for run-time defrost controllers is calculated in a similar fashion, except
that the first term is replaced by the user-induced energy for the month:

_ AE;
User-induced defrost energy = E ., x

user
trt

As a general observation, the base defrosting energy for run-time controllers is generally quite high, as
the unit defrosts at fairly short intervals, whether it needs to or not. Conversely, the user-induced defrost
energy is fairly small for these controllers, as the additional run time induced by user interaction is
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relatively low.

Fixed time defrost controllers: These are assumed to defrost at approximately fixed intervals,
irrespective of the user interactions or ambient conditions. For these types, 100% of the average defrost
energy is allocated to base defrost energy and none to user-induced defrost energy.

Manual or no defrost: These systems are assumed to have zero defrost energy of any type. In practice
these need to be defrosted manually from time to time, which involves stopping the appliance, emptying
it and clearing ice, then restarting. Energy consumption involved in doing this is ignored (in fact it may be
negative energy when steady state power when off is subtracted). However, the refrigerator
performance will deteriorate over time as frost builds up on the compartment walls. This effect is difficult
to model and has not been taken into account. Manual defrost refrigerators are certainly less convenient
for users, which is why they have disappeared from the market for 2-door refrigerators.

User driven energy consumption

User-driven energy consumption has two separate components. The first and most obvious impact is
from interactions such as door openings and the insertion of warm food and drinks into the fresh food or
freezer compartments. Additional humidity from ambient air ingress, respiration of fruit and vegetables
inside the refrigerator compartment, as well as uncovered liquids, increases the amount of water vapour
in the compartment air. This presents as a latent heat load, as water vapour is condensed and
sometimes turns to frost on the evaporator. Sensible and latent heat loads all require the appliance to
undertake additional cooling over and above what is required for steady state conditions.

The second element of user-driven energy consumption is defrosting. When there is no user interaction
with the appliance, the appliance will defrost from time to time in any case. The longest possible defrost
period without user interaction can be estimated from the available data and is called the base defrost
energy for variable defrost systems as set out in the previous section. Run-time base defrosting is
calculated from the expected compressor operation under steady state conditions. All additional energy
associated with defrosts over and above the base defrost energy consumption is classified as user-
driven. As set out in the previous section, there appears to be some time delay between when user
interactions occur and when the impacts in the next defrost appear as additional energy consumption.

The user-driven energy consumption is calculated for each compressor cycle as the difference between
actual energy consumption and the estimated base load energy consumption (or steady state power) of
the appliance at the given ambient temperature. This is effectively the difference between the blue line
and the red line in Figure A12 above. Naturally, where the appliance is cycling between high and low
power modes, there can be negative usage for an individual compressor cycle. However, the approach
appears to give solid and robust data. It is important to remember that this approach is only used to
allocate the share of energy to each component — the total energy consumption will always be correct.

In absolute terms, the user-driven energy consumption was fairly modest for most Victorian houses
examined. This is due in part to low ambient temperatures and low humidity in homes. Refrigerators and
freezers have significant cooling capacity and even with heavy usage, most appliances can recover
from small to moderate interactions in a few hours. This suggests that user-driven energy should be low
in the middle of the night, when there is little or no user interaction. The analysis undertaken for this
project confirms that the overall user-driven energy consumption was generally low from 4 am to 6 am
for most refrigerators, as illustrated in Figure A18. Some small overnight residual energy consumption
can be expected from heavy usage in the late evening, as well as some spill-over impacts of user-driven
defrosting. Defrosts tend to occur at some time after heavy usage and many appliances tend to defrost
overnight as illustrated in Figure A15 above.
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FIGURE A18: USER INDUCED ENERGY CONSUMPTION BY TIME OF DAY, HOUSE SVCR5

User induced refrigerator power by hour of day - all available data at site: SVCR5, RF0271
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The IEC load processing test uses bottles of warm water and ice cubes trays filled with water to simulate
a known user load in order to measure the load processing efficiency. Testing of one refrigerator to the
IEC standard showed that 3.5 litres of water at 32°C takes about 15 hours to reach equilibrium with the
compartment temperature. This is because the initial heat flow is dictated by the cooling capacity of the
appliance and the rate of heat flow slows as the water or food load approaches the compartment
temperature. While this is a relatively large load for the appliance to cooal, it is not inconceivable in terms
of possible user loads. So, an appliance may take 12 to 18 hours or more to fully recover from intensive
use like a party or a large load of warm shopping in summer.

The heat flow from warm food or drink is best represented as a time constant, which is the response to a
step change in ambient conditions (room to compartment) of a linear time-invariant system. The time for
the temperature to change 63.2% during a step change is defined as the time constant. The
temperature change at any time can then be represented as:

—t

AT(t)=ATe"

This suggests that even moderate sized loads in the refrigerator could require some cooling 6 to 10
hours after the items have been placed in the refrigerator. So it is not surprising that some apparent
residential user load is present overnight on many days.

The analysis results for this current study showed that user-driven energy consumption typically makes
up about 5% to 15% of total energy consumption, with user-driven defrosting making up an additional
5% to 10% of energy consumption. For households with heavy use, these two components can be as
high as 40% of total refrigerator energy consumption.

Refrigerator usage is highly variable from day-to-day in each house. This is to be expected, as there are
changes in daily routine that occur on a regular basis. Many houses also do a large load of shopping
once a week, which can result in some heavy user loads. This means that the appliance has to cope
with a large user load on some days and little or no user load on other days. An example of daily user-
driven energy for a Victorian house over a year is shown in Figure A19. Figure A20 also shows daily
user-driven energy consumption, but in this case for one of the SV refrigerators over a shorter period
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during the winter months.

FIGURE A19: DAILY USER DRIVEN ENERY IN A VICTORIAN HOUSE OVER A FULL YEAR

Total daily usage for monitored period at site: VIC-05, RF0001

1800

1600

1400

1200

1000

®
3
3

e Usagedaily

User related load Wh/day

@
3
3

400 -+

200

31/12/2011

FIGURE A20: DAILY USER DRIVEN ENERGY CONSUMPTION, HOUSE SVCR5

Total daily usage for monitored period at site: SVCR5, RF0271
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Seasonal impacts on refrigerator energy use

All of the SV refrigerators were monitored over a relatively short period (usually May to September, with
the refrigerator replacements in July). This makes it difficult to get an impression of changes in user- and
temperature-related impacts that may occur over a typical year. Recent analysis has shown that user
loads are partly driven by outdoor temperature as well as the ambient temperature or the room in which
the refrigerator is located.
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For room temperature impacts, each of the SV refrigerators has sufficient data measured over the three
months to estimate its temperature-driven impact under a relatively wide range of different operating
conditions for each refrigerator. A curve of steady state power versus ambient temperature has been
derived for each appliance, as described above. The temperature-driven energy consumption accounts
for more than 70% to 90% of the total refrigerator energy consumption, so this can be regarded as a
solid estimate that is specific to each appliance, which can then be used to estimate annual energy
impacts if room temperature is known.

Indoor temperatures for Melbourne houses have been estimated in the paper by [Harrington et al 2015].
Data on outdoor temperature allows indoor temperature to be estimated. Average outdoor and indoor
temperatures for the 3 regions relevant to this current study are shown below in Table Al using data
from [Harrington et al 2015].

Sydney MO Outdoor 228 230 217 192 165 137 129 140 162 183 198 220

Sydney Indoor 240 242 230 212 195 183 180 184 194 206 216 233

Tullamarine Outdoor 203 197 182 151 121 938 9.5 102 121 140 16.7 18.0

Melbourne Indoor 220 215 206 188 178 173 172 173 178 184 196 204
Latrobe

Valley Outdoor 196 194 173 142 106 8.7 8.5 9.6 114 128 161 17.2
Gippsland Indoor 215 213 200 185 174 171 171 172 176 180 193 199

Using this data as a base case, the actual monthly indoor temperature for the periods monitored was
examined and the difference between the expected indoor mean and the actual indoor temperature was
calculated. This allowed an expected annual temperature profile for each house to be developed for
each month of the year. Most houses showed a consistent difference to the average expected indoor
reference temperature, but a few houses varied by month. Note that the values in Table Al are long-
term outdoor averages for these regions and they do not reflect the outdoor temperatures measured
during each set of data, which are in fact different each year (as the data has been measured over a
number of years). Long-term averages are likely to give a better indication of the average energy
consumption that may occur in a typical year.

The SV refrigerator data does not provide very good information on seasonal changes for some aspects
of the refrigerators’ energy consumption due to the short monitoring period. The approach used for
calculating seasonal impact of user interactions is set out below. The approach to calculating seasonal
defrost load was partly explained in the previous section, and more detail is provided below.

Data for three long term monitoring sites for EES refrigerators (two in Gippsland and one in Sydney)
was examined — these had an old and new refrigerator that were each monitored for around 1 year. The
old and new replacement refrigerators were completely equivalent in terms of size and function, and the
households had no significant changes in terms of the number of occupants. Another Victorian site in
Gippsland with long term data was also added to examine seasonal impacts. The monthly data on the
average user driven energy consumption, measured in Wh per day, is shown in Figure A21.
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FIGURE A21: MONTHLY USER DRIVEN ENERGY FOR THREE SITES OVER A YEAR
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While this data has some variations, which is expected due to weather patterns and short term
occupancy impacts (like holidays), the main observations from Figure A21 are:

User driven energy consumption in summer is about twice the typical winter value — this holds roughly
true for all 5 refrigerators studied;

In both cases, where refrigerators were replaced, the usage driven energy for the new refrigerator
appears to be significantly lower than for the old refrigerator — this is expected because the load
processing efficiency (or COP) of the new refrigerator is expected to be higher, so what should be a
consistent user-driven (sensible and latent heat) load in the same household results in lower energy
consumption by the new appliance.

The SV data for replaced refrigerators provides some valuable insights into the expected changes in
load processing efficiency from appliance replacement. However, this is not the main focus of this
report. A representative winter user driven load for each appliance was used to estimate the annual
energy consumption for user-driven parameters based on the seasonal usage of long-term data.

A similar analysis can be undertaken for the user-driven component of defrost energy for variable
defrost controllers, as illustrated in Figure A22. Interestingly, this shows a strong seasonal impact of
user-driven defrost energy. However, the difference between old and new refrigerators is not as
significant in this case. This suggests that the same seasonal scaling factor can be used for both user-
driven energy and user-driven defrost energy.

For the SV refrigerators. a seasonal scaling factor, based on a sine curve, was used to scale up the

winter monthly estimated value for user-driven energy and user-driven defrost energy from a relative
value of 1.0 in July to 2.0 in January.

79



REPORT

FIGURE A22: MONTHLY USER DRIVEN DEFROST ENERGY FOR VARIABLE DEFROST CONTROLLERS IN THREE
SITES OVER A YEAR
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Estimates of refrigerator annual energy consumption
The annual energy consumption for each refrigerator was made up of the following factors:

The estimated indoor temperature for each home was estimated and adjusted based on the
temperature measurements observed during the monitoring period to give an estimated average indoor
temperature for each month of the year. For months where the temperature was not measured, an
average temperature based on the Harrington model [Harrington et al 2015] was assumed (with some
interpolation of adjacent months before and after the monitoring period);

An equation that depicts the energy consumption of the refrigerator based on ambient temperature - this
is in the form a AT? + bT + ¢ + c2 where T is the monthly average indoor temperature - was used to
estimate the temperature-driven energy consumption for each month of the year for each refrigerator;

A base defrosting energy from the data analysis was assumed as a fixed value for each month of the
year — for variable defrost controllers this was based on the longest observed defrost interval, and for
run-time defrost controllers this was based on the expected run time with no user interaction, and the
run time for the individual controller;

For variable defrost controllers, a user-driven defrost energy was estimated from the measured
representative winter values in Wh/day and scaled up from winter (1.0) to summer (2.0) using a sine
curve fit function; for run-time controllers, the user driven additional load was used to estimate the
additional defrosting that will occur with the additional run-time from usage;

User driven energy was estimated from the measured representative winter values in Wh/day and
scaled up from winter (1.0) to summer (2.0) using a sine curve fit function;

Monthly values for all parameters (scaled by number of days in a normal year) were summed to give an
annual estimate of energy consumption — this value was derived using all key characteristics of the
product performance which are then applied to the expected conditions of operation to get a fully
representative comparative energy value between the old and the new refrigerators.
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An example of the daily energy consumption split into components for one of the monitored refrigerators
is illustrated in Figure A23 (existing) and Figure A24 (new replacement). Note the difference in Y-axis
scale between these two graphs due to the much lower energy consumption of the replacement
refrigerator.

FIGURE A23: DAILY ENERY CONSUMPTION OF OLD REFRIGERATOR SPLIT INTO COMPONENTS, HOUSE SVCR7

Daily energy breakdown at site: SVCR7, RF0273
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FIGURE A24: DAILY ENERGY CONSUMPTION OF NEW REFRIGERATOR SPLIT INTO COMPONENTS, HOUSE SVCR7

Daily energy breakdown at site: SVCR7, RF0274
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Surveys were conducted before and after the retrofits were undertaken as part of Sustainability
Victoria’s Comprehensive Retrofit Trials. Amongst other things, this survey collected information on the
householder satisfaction with their old existing refrigerator and the new replacement refrigerator.
Householders were asked to comment on their level of satisfaction with the operation of their clothes
dryer based on a ranking from 1 (very dissatisfied) to 5 (very satisfied). The householder ratings, as well
as their more detailed comments are provided in Table A2.

SVCR2
(Fridge)

4.5

SVCR2
(Freezer)

15

4.0

After - (Replaced fridge and freezer with one combined unit) Easier
access and usability. Bit noisy.

2.5

Before — Less satisfied with the freezer. Had incident a couple of
months ago where it defrosted. Doesn't seal very well.

SVCR3

15

5.0

3.5

Before - Very inefficient. Keep it there for stuff that [store] outside.
After - Very satisfied. Quieter.

SVCR5

3.0

5.0

2.0

Before - It's old but it works well. Noisy.
After - Like the temperature monitoring on inside and outside.

SVCR7

5.0

Before - Existing kitchen fridge is 20 years old and was manufactured
in the USA, and we suspect uses a lot of electricity. It is very deep
rather than wide compared with other 500 Litres and is therefore
difficult to use.

After - New fridge has 3.5 star rating and although 100 litres smaller
seems adequate for our needs. Also ergonomically much better with
fridge on top.

SVCR10

3.0

5.0

2.0

Before - Works well.

After - No bad points. Very happy with the fridge. Works better than old
fridge. Different compartments means that don't have to open whole
fridge all of the time.

SVCR11

3.0

5.0

2.0

Before - Freezer compartment could be cooler. Fridge could run
quieter. Fridge could be cooler in summer.

After - Very happy with it. Very quiet. Made in Australia and very good.
Quieter, more room, electronic thermostat is great. Big electricity
reductions.

SVCR13

Av

1.0

2.5

4.5

4.8

3.5

2.3

Before - Leaking seals. Not much freezer space. Sometimes freezes
things at the back and milk goes off quickly at the front.

After - Great new fridge. Nice and quiet. Freezer a little smaller but
otherwise great. Reduced my electricity bill already. Sometimes hard to
open freezer drawer because of location close to bench.
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Introduction
Below we provide a summary of the data collected and results of the analysis for each of the houses
which have been monitored and included in this report. This includes:

For each house we provide a tabular summary of the key data relating to the houses, and
the old existing and new replacement refrigerators;

For the houses that participated in the SV Retrofit Trials we provide a graph that shows the
daily energy consumption of the refrigerators (in kWh per day) both before and after the
refrigerator replacement. The energy consumption of the old refrigerators are shown in
orange and the energy consumption of the new refrigerators are shown in light blue;

For the houses that participated in the SV Retrofit Trials we provide a graph that shows the
average daily load profile of the refrigerators both before and after the refrigerator
replacement. This shows how the average power consumption of the refrigerators (in
Watts) varied throughout the day, based on 10-minute intervals. The profile of the old
refrigerators are shown in orange and of the new refrigerators are shown in light blue;

For the houses that participated in the SV Retrofit Trials we provide a graph that shows the
power consumption of the refrigerators over a typical day, both before and after the
refrigerator replacement. The power consumption of the old refrigerators are shown in
orange and of the new refrigerators is shown in light blue; and

For each house we provide a graph that shows the average daily energy consumption of
the refrigerators (in Wh per day) for each month of the year. Data is shown for both the old
refrigerators (orange) and new refrigerators (light blue). Both actual measured data (solid
line) and modelled data (dashed line) is shown. It is the modelled data that has been used
by EES to estimate the annual energy consumption for the old and new refrigerators.

83



REPORT

House SVCR2

This site has a separate freezer and a refrigerator-freezer replaced with a new refrigerator-freezer.

Product ID FZ0050 RF0267 RF0268

Brand Westinghouse Westinghouse Electrolux

Model Silhouette Series 2 BJ504Q-R EHE5107SA
301 FR301

Group 6U 5B 5B

Type Separate freezer Refrigerator-freezer Refrigerator-freezer

Size (litres) 290 502 505

Label energy kWh/year 770 900 555

Year purchased 1988 1997 2013

Age when replaced (Yrs) 25 16 N/A

Defrost type None Run-time Variable

Defrost run time (hours) - 5.8 -

Location/Region Melbourne Melbourne Melbourne

Start monitoring 2013-05-27 2013-05-27 2013-07-31

End monitoring 2013-08-01 2013-08-01 2013-09-13

Days of data 65 65 43

Temperature during monitoring (°C) 17.9 18.0 18.1

Reference annual temp (°C) 19.5 19.5 195

Defrost interval (hours) - 11.1 141

Energy - temperature (kWh/y) 629 506 350

Energy - heaters (kWhly) 0 0 0

Energy - defrost (kWh/y) 0 99 64

Energy - user (kWhly) 49 104 74

Energy - total (kWh/y) 678 708 488

Ratio measured/label energy 0.88 0.79 0.88

Savings label (Old to New) 67%

Savings measured (Old to New 65%

Householders present 4 4 4

Additional refrigerators 0 0 0

Additional freezers 0 0 0

Comments

New replaced 2 units, smaller
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REPORT Refrigerator Retrofit Trial

SVCR2 - Daily Electricity Use of Refrigeration
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REPORT

Average energy consumption Wh/day
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House SVCR3

REPORT

Product ID RF0269 RF0270
Brand Westinghouse Electrolux
Model Silhouette 412 ETM4200SC-R
Group 5T 5T

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 418 416

Label energy (kWh/year) 1,100 318

Year purchased 1993 2013

Age when replaced (Yrs) 20 N/A
Defrost type Run-time Variable
Defrost run time (hours) 5.8 -
Location/Region Melbourne Melbourne
Start monitoring 2013-05-27 2013-07-18
End monitoring 2013-07-19 2013-09-17
Days of data 52 60
Temperature during monitoring (°C) 18.1 19.1
Reference annual temp (°C) 19.8 19.8
Defrost interval (hours) 18.7 60.2
Energy - temperature (kWh/y) 483 101
Energy - heaters (kWhly) 0 0

Energy - defrost (kWhly) 65 14

Energy - user (kWhly) 33 25

Energy - total (kWh/y) 581 139

Ratio measured/label energy 0.53 0.44
Savings label (Old to New) 71%

Savings measured (Old to New) 76%

Householders present 4 4
Additional refrigerators 1 1
Additional freezers 0 0

Comments

Location unclear

Location unclear, new
same size

The energy consumption for the old and new units for this household are very low. At this house the
refrigerator was located outside (on the veranda) and used for longer term storage.

87



REPORT Refrigerator Retrofit Trial

SVCRS3 - Daily Electricity Consumption of Refrigerator
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REPORT Refrigerator Retrofit Trial
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House SVCR5

REPORT

Product ID RF0271 RF0272
Brand Westinghouse Electrolux
Model RJ453T EBE5100SERH
Group 5T 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 447 505

Label energy (kWh/year) 770 399

Year purchased 2003 2013

Age when replaced (years) 10 N/A
Defrost type Run-time Variable
Defrost run time (hours) 5.8 -
Location/Region Melbourne Melbourne
Start monitoring 2013-05-24 2013-07-19
End monitoring 2013-07-20 2013-10-02
Days of data 56 74
Temperature during monitoring (°C) 19.0 19.3
Reference annual temp (°C) 19.9 19.9
Defrost interval (hours) 14.3 25.6
Energy - temperature (KWhly) 446 215
Energy - heaters (kWhly) 0 0

Energy - defrost (kWhly) 73 44

Energy - user (kWhly) 57 36

Energy - total (kWhly) 576 294

Ratio measured/label energy 0.75 0.74
Savings label (Old to New) 48%

Savings measured (Old to New) 49%

Householders present 3 3
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial

SVCRS - Daily Electricity Use of Refrigerator
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REPORT Refrigerator Retrofit Trial

Average energy consumption Wh/day
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House SVCR7

REPORT

Product ID RF0273 RF0274
Brand Amana Electrolux
Model T518SW EBE4307SDCH
Group 5T 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 532 431

Label energy (kWh/year) 1,110 370

Year purchased 1995 2014

Age when replaced (years) 19 N/A
Defrost type Run-time Variable
Defrost run time (hours) 7.9 -
Location/Region Melbourne Melbourne
Start monitoring 2014-05-21 2014-07-05
End monitoring 2014-07-06 2014-09-19
Days of data 45 75
Temperature during monitoring (°C) 17.9 17.7
Reference annual temp (°C) 19.3 19.3
Defrost interval (hours) 21.6 21.0
Energy - temperature (KWhly) 773 169
Energy - heaters (kWhly) 0 0

Energy - defrost (kWhly) 82 41

Energy - user (kWhly) 38 27

Energy - total (kWhly) 893 238

Ratio measured/label energy 0.80 0.64
Savings label (Old to New) 67%

Savings measured (Old to New) 73%

Householders present 3 3
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent

93



REPORT Refrigerator Retrofit Trial

SVCR?7 - Daily Elec Use of Refrigerator
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SVCR?7 - Av Daily Load Profile of Refrigerator
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REPORT Refrigerator Retrofit Trial

Average energy consumption Wh/day
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House SVCR10

REPORT

Product ID RF0275 RF0276
Brand Kelvinator Mitsubishi
Model N630A MREX562WSBS
Group 5S 5T

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 639 562

Label energy (kWh/year) 1,570 410

Year purchased 1993 2014

Age when replaced (years) 21 N/A
Defrost type Run-time Fixed
Defrost run time (hours) 5.9 -
Location/Region Melbourne Melbourne
Start monitoring 2014-05-29 2014-07-25
End monitoring 2014-07-26 2014-09-23
Days of data 56 59
Temperature during monitoring (°C) 16.8 16.9
Reference annual temp (°C) 18.8 18.8
Defrost interval (hours) 10.3 24.4
Energy - temperature (KWhly) 1,076 311
Energy - heaters (kWhl/y) 0 0

Energy - defrost (kWhly) 123 56

Energy - user (kWhly) 93 38

Energy - total (kWhly) 1,292 405

Ratio measured/label energy 0.82 0.99
Savings label (Old to New) 74%

Savings measured (Old to New) 69%

Householders present 5 5
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial

SVCR10 - Daily Electricity Use of Refrigerator
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REPORT Refrigerator Retrofit Trial
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House SVCR11

REPORT

Site SVCR11 SVCR11
Product ID RF0277 RF0278
Brand Westinghouse Electrolux
Model WBM3700WB-R EBE4307SDLH
Group 5B 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 365 431

Label energy (kWh/year) 495 370

Year purchased 2011 2015

Age when replaced (Years) 4 N/A
Defrost type Run-time Variable
Defrost run time (hours) 8.3 -
Location/Region Melbourne Melbourne
Start monitoring 2015-05-29 2015-07-01
End monitoring 2015-07-02 2015-09-07
Days of data 33 67
Temperature during monitoring (°C) 16.5 15.9
Reference annual temp (°C) 18.4 18.4
Defrost interval (hours) 16.9 30.1
Energy - temperature (KWhly) 329 158
Energy - heaters (kWhly) 0 0

Energy - defrost (kWhly) 47 33

Energy - user (kWhly) 66 33

Energy - total (kWhly) 442 224

Ratio measured/label energy 0.89 0.60
Savings label (Old to New) 25%

Savings measured (Old to New) 49%

Householders present 2 2
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial

SVCR11 - Daily Electricity Consumption of Refrigerator

Note that the orange columns are for the old refrigerator and the blue columns are for the new one.
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REPORT Refrigerator Retrofit Trial

Average energy consumption Wh/day
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House SVCR13

REPORT

Product ID RF0279 RF0280
Brand Westinghouse Electrolux
Model RJ442M-R EBE4307SDLH
Group 5T 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 418 431

Label energy (kWh/year) 1,100 370

Year purchased 1995 2015

Age when replaced (years) 20 N/A
Defrost type Run-time Variable
Defrost run time (hours) 5.8 -
Location/Region Melbourne Melbourne
Start monitoring 2015-05-27 2015-07-03
End monitoring 2015-07-04 2015-09-06
Days of data 37 64
Temperature during monitoring (°C) 17.3 18.0
Reference annual temp (°C) 19.3 19.3
Defrost interval (hours) 8.1 235
Energy - temperature (KWhly) 1,013 214
Energy - heaters (kWhl/y) 0 0

Energy - defrost (kWhly) 151 41

Energy - user (kWhly) 60 41

Energy - total (kWhly) 1,224 296

Ratio measured/label energy 111 0.80
Savings label (Old to New) 66%

Savings measured (Old to New) 76%

Householders present 4 4
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial

SVCR13 - Daily Electricity Consumption of Refrigerator

Note that the orange columns are for the old refrigerator and the blue columns are for the new one.
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REPORT Refrigerator Retrofit Trial

Average energy consumption Wh/day
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House SYD40

REPORT

Product ID RF0248 RF0255
Brand Fisher & Paykel Fisher & Paykel
Model N395B E442BRE4
Group 5B 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 392 442

Label energy (kWh/year) 950 525

Year purchased 1997 2014

Age when replaced (Years) 17 N/A
Defrost type Run-time Variable
Defrost run time (hours) 12.0 -
Location/Region Sydney Sydney
Start monitoring 2013-02-17 2014-03-29
End monitoring 2014-03-28 2015-05-03
Days of data 401 399
Temperature during monitoring (°C) 22.4 225
Reference annual temp (°C) 22.0 22.0
Defrost interval (hours) 19.2 26.1
Energy - temperature (kWh/y) 796 317
Energy - heaters (kWhly) 0 24

Energy - defrost (kWhly) 46 41

Energy - user (kWhly) 77 55

Energy - total (kWh/y) 919 437

Ratio measured/label energy 0.97 0.83
Savings label (Old to New) 45%

Savings measured (Old to New) 52%

Householders present 4 4
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
(slightly larger)
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REPORT

Site: SYD40 OLD = RF0248, NEW = RF0255
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Note that the significant deviation of actual data (solid line) from the modelled data (dashed line) for the
old refrigerator from July to October was due to warmer weather than normal in the spring of that
monitoring year, and to a few high usage events in those months.

106



REPORT

House VIC31
Parameter old New
Product ID RF0211 RF0212
Brand Fisher & Paykel Fisher & Paykel
Model E522B E522BRE4
Group 5B 5B
Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 519 519
Label energy (kWh/year) 790 540
Year purchased 2002 2014
Age when replaced (years) 12 N/A
Defrost type Variable Variable
Defrost run time (hours) - -
Location/Region Gippsland Gippsland
Start monitoring 2012-10-06 2014-06-07
End monitoring 2014-06-07 2015-07-26
Days of data 608 413
Temperature during monitoring (°C) 18.6 184
Reference annual temp (°C) 18.1 18.1
Defrost interval (hours) 35.0 319
Energy - temperature (kWhly) 474 294
Energy - heaters (kWhly) 0 35
Energy - defrost (kWhly) 39 42
Energy - user (kWhly) 55 36
Energy - total (kWh/y) 568 407
Ratio measured/label energy 0.72 0.75
Savings label (Old to New) 32%
Savings measured (Old to New) 28%
Householders present 4 4
Additional refrigerators 0 0
Additional freezers 1 1

Comments

New fully equivalent

At houseVIC31 the old refrigerator failed at the end of its life, so this period was ignored when

developing operating characteristics.
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REPORT
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Note that most of the deviations between actual (solid line) and modelled (dashed line) can be explained
by the weather during the monitoring year, and some variation in usage.
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REPORT

House VIC19
Product ID RF0006 RF0022
Brand Hoover Fisher & Paykel
Model HE423VF E440T
Group 5B 5T
Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 423 447
Label energy (kWh/year) 715 476
Year purchased 1991 2009
Age when replaced (years) 18 N/A
Defrost type Run-time Variable
Defrost run time (hours) 8.1 -
Location/Region Gippsland Gippsland
Start monitoring 2008-10-24 2010-12-22
End monitoring 2008-12-10 2013-01-06
Days of data 46 745
Temperature during monitoring (°C) 20.2 185
Reference annual temp (°C) 19.0 19.0
Defrost interval (hours) 30.0 35.2
Energy - temperature (KWhly) 450 271
Energy - heaters (kWhl/y) 0 16
Energy - defrost (kWh/y) 30 36
Energy - user (kWhly) 60 38
Energy - total (kWhly) 540 361
Ratio measured/label energy 0.76 0.76
Savings label (Old to New) 33%
Savings measured (Old to New) 33%
Householders present 3 3
Additional refrigerators 0 0
Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial
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REPORT

House VIC37
Product ID RF0012 RF0024
Brand Westinghouse Fisher & Paykel
Model RE311G-R*6 E373R (new)
Group 4 1
Type Refrigerator-freezer All refrigerator
(manual defrost)
Size (litres) 306 373
Label energy (kWh/year) 676 301
Year purchased 2002 2011
Age when replaced (years) 9 N/A
Defrost type None None
Defrost run time (hours) - -
Location/Region Gippsland Gippsland
Start monitoring 2010-12-24 2011-01-25
End monitoring 2011-01-09 2012-01-27
Days of data 15 366
Temperature during monitoring (°C) 21.3 20.2
Reference annual temp (°C) 20.1 20.1
Defrost interval (hours) - -
Energy - temperature (kWhly) 524 127
Energy - heaters (kWhly) 0 0
Energy - defrost (kWhly) 0 0
Energy - user (kWhly) 66 33
Energy - total (kWhly) 590 160
Ratio measured/label energy 0.87 0.53
Savings label (Old to New) 55%
Savings measured (Old to New) 73%
Householders present 4 4
Additional refrigerators 0 0
Additional freezers 1 1
Old Group 4 New no freezer Group

Comments

Refrigerator-Freezer

1 refrigerator, not fully
equivalent

House VIC37 replaced a Group 4 refrigerator-freezer with an all refrigerator (Group 1) - hence the very
large savings - which is not entirely equivalent, even though the sizes were comparable. This illustrates
that the Energy Rating Label is fairly poor at estimating the energy consumption of Group 1 refrigerators.
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REPORT Refrigerator Retrofit Trial
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REPORT

House VIC17
Product ID RF0019 RF0266
Brand Westinghouse Samsung
Model RE391 SRL458ELS
Group 4 5B
Type Refrigerator-freezer Refrigerator-freezer

(manual defrost)

Size (litres) 388 458
Label energy (kWh/year) 660 330
Year purchased 2000 2015
Age when replaced (years) 15 N/A
Defrost type None Variable
Defrost run time (hours) - -
Location/Region Gippsland Gippsland
Start monitoring 2010-12-22 2016-03-25
End monitoring 2012-01-27 2016-05-30
Days of data 400 65
Temperature during monitoring (°C) 19.6 18.2
Reference annual temp (°C) 194 194
Defrost interval (hours) - 12.0
Energy - temperature (kWhly) 518 187
Energy - heaters (kWhly) 0 11
Energy - defrost (kWhly) 0 86
Energy - user (kWhly) 98 27
Energy - total (kWh/y) 616 312
Ratio measured/label energy 0.93 0.94
Savings label (Old to New) 50%
Savings measured (Old to New) 49%
Householders present 4 4
Additional refrigerators 0 0
Additional freezers 1 1

Comments

New 25% larger
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REPORT Refrigerator Retrofit Trial
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REPORT

House VIC34
Product ID RFO0070 RF0071
Brand Westinghouse Electrolux
Model Frost Free 502 EBM5100SC-R
Group 5T 5B
Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 525 505
Label energy (kWh/year) 1,500 428
Year purchased 1988 2011
Age when replaced (years) 23 N/A
Defrost type Run-time Variable
Defrost run time (hours) 5.8 -
Location/Region Gippsland Gippsland
Start monitoring 2012-02-02 2012-02-02
End monitoring 2012-05-27 2012-07-30
Days of data 114 178
Temperature during monitoring (°C) 20.3 19.2
Reference annual temp (°C) 19.4 19.4
Defrost interval (hours) 13.2 211
Energy - temperature (kWh/y) 1,016 262
Energy - heaters (kWhly) 0 0
Energy - defrost (kWhly) 81 59
Energy - user (kWhly) 98 38
Energy - total (kWh/y) 1,195 359
Ratio measured/label energy 0.80 0.84
Savings label (Old to New) 71%
Savings measured (Old to New) 70%
Householders present 5 5
Additional refrigerators 1 1
Additional freezers 1 1

Comments

Old refrigerator used in
parallel as secondary,
lower use

New fully equivalent

At house VIC34 the old appliance was used as a secondary appliance in the same space when the new
refrigerator was installed, so its energy consumption was monitored in parallel. The usage of the old
appliance is somewhat lower than may be expected compared to its use as the main appliance, so the

savings may be underestimated in this case (savings are still 70%, which are large).
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REPORT Refrigerator Retrofit Trial
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REPORT

House VIC30
Product ID RFO075 RF0102
Brand GE Westinghouse
Model Cycle defrost 402 WTB2500-WB-XAU
Group 4 5T
Type Refrigerator-freezer Refrigerator-freezer

(manual defrost)

Size (litres) 400 246
Label energy (kWh/year) 1,200 414
Year purchased 1980 2011
Age when replaced (years) 31 N/A
Defrost type None Variable
Defrost run time (hours) - -
Location/Region Gippsland Gippsland
Start 2012-02-09 2012-07-18
End 2012-07-19 2015-07-26
Days of data 160 1,102
Temperature during monitoring (°C) 17.1 17.6
Reference annual temp (°C) 174 174
Defrost interval (hours) - 273
Energy - temperature (kWhly) 633 185
Energy - heaters (kWhly) 0 0
Energy - defrost (kWhly) 0 30
Energy - user (kWhly) 63 30
Energy - total (kWhly) 695 245
Ratio measured/label energy 0.58 0.59
Savings label (Old to New) 66%
Savings measured (Old to New) 65%
Householders present 1 1
Additional refrigerators 0 0
Additional freezers 0 0

Comments

Before labelling -
volume and CEC
estimated

New refrigerator is 35%
smaller than the old
one.
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REPORT Refrigerator Retrofit Trial
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REPORT

House VIC27
Product ID RF0078 RF0281
Brand Kelvinator Westinghouse
Model N300F-R WRM2400WD
Group 5T 2
Type Refrigerator-freezer Single door refrigerator
Size (litres) 300 2435
Label energy (kWh/year) 785 237
Year purchased 2000 2014
Age when replaced (years) 14 N/A
Defrost type Variable None
Defrost run time (hours) - -
Location/Region Gippsland Gippsland
Start monitoring 2012-02-12 2016-03-30
End monitoring 2012-08-03 2016-06-01
Days of data 172 62
Temperature during monitoring (°C) 194 204
Reference annual temp (°C) 19.3 19.3
Defrost interval (hours) 10.6 -
Energy - temperature (kWh/y) 465 81
Energy - heaters (kWhly) 0 0
Energy - defrost (kWh/y) 76 0
Energy - user (kWhly) 98 30
Energy - total (kWh/y) 639 111
Ratio measured/label energy 0.81 0.47
Savings label (Old to New) 70%
Savings measured (Old to New) 83%
Householders present 5 5
Additional refrigerators 0 0
Additional freezers 1 1

Comments

New refrigerator has no
freezer, slightly smaller

House VIC27 downsized from a small Group 5T unit to a large Group 2 unit, so the fresh food volume
was roughly equivalent, but there was no freezer compartment in the new appliance. A separate freezer
was always used at this house (savings are very large at 83%, the highest of all sites). This illustrates
that the energy label is fairly poor at estimating the energy of Group 2 appliances.
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REPORT
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Note that the high actual energy consumption for the old refrigerator (solid orange line) in February is
much higher than the modelled energy consumption (dashed orange line). This was the month in which
“Black Saturday” (2013) occurred when February temperatures were well above average.
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House SYDO02

REPORT

Product ID RFO0110 RFO0111

Brand Westinghouse Electrolux

Model RB411MLH 410L EBM4300SC-L

Group 4 5B

Type Refrigerator-freezer Refrigerator-freezer
(manual defrost)

Size (litres) 408 431

Label energy (kWh/year) 700 406

Year purchased 1999 2011

Age when replaced (years) 12 N/A

Defrost type None Variable

Defrost run time (hours) - -

Location/Region Sydney Sydney

Start monitoring 2012-01-06 2012-01-30

End monitoring 2012-01-31 2012-06-16

Days of data 24 136

Temperature during monitoring (°C) 23.8 204

Reference annual temp (°C) 20.0 20.0

Defrost interval (hours) - 22.6

Energy - temperature (kWh/y) 513 249

Energy - heaters (kWhly) 0 0

Energy - defrost (kWhly) 0 43

Energy - user (kWhly) 66 55

Energy - total (kWh/y) 578 347

Ratio measured/label energy 0.83 0.85

Savings label (Old to New) 42%

Savings measured (Old to New) 40%

Householders present 4 4

Additional refrigerators 0 0

Additional freezers 0 0

Comments

New fully equivalent
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REPORT Refrigerator Retrofit Trial
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House QLD25

REPORT

Product ID RF0213 RF0166
Brand Kelvinator Fisher & Paykel
Model N380FM E381TRT
Group 5T 5T

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 400 380

Label energy (kWh/year) 1,010 433

Year purchased 1981 2011

Age when replaced (years) 30 N/A
Defrost type Run-time Variable
Defrost run time (hours) 6.1 -
Location/Region Brisbane Brisbane
Start monitoring 2013-09-04 2012-11-12
End monitoring 2014-05-18 2013-08-03
Days of data 255 263
Temperature during monitoring (°C) 24.6 22.7
Reference annual temp (°C) 22.3 22.3
Defrost interval (hours) 17.9 27.9
Energy - temperature (kWh/y) 704 266
Energy - heaters (kWhly) 0 10

Energy - defrost (kWhly) 93 41

Energy - user (kWhly) 71 38

Energy - total (kWh/y) 868 355

Ratio measured/label energy 0.86 0.82
Savings label (Old to New) 57%

Savings measured (Old to New) 59%

Householders present 2 2
Additional refrigerators 1 1
Additional freezers 0 0

Comments

Old refrigerator used in
parallel as secondary,
lower use

New fully equivalent

At house QLD25 the old refrigerator was used a secondary refrigerator in the same space, so energy
was monitored in parallel. The usage on the old refrigerator is somewhat lower than may be expected

compared to its use as the main appliance, so the savings may be underestimated in this case (savings

are still 59%, which are large).
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REPORT Refrigerator Retrofit Trial
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REPORT

House VICO3
Product ID RF0180 RF0256
Brand Fisher & Paykel Panasonic
Model N369B NR-BY552XSAU
Group 5B 5B
Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 382 551
Label energy (kWh/year) 880 463
Year purchased 1995 2013
Age when replaced (years) 18 N/A
Defrost type Run-time Variable
Defrost run time (hours) 12.0 -
Location/Region Bendigo Bendigo
Start monitoring 2013-08-15 2013-08-20
End monitoring 2013-08-19 2014-05-10
Days of data 3 262
Temperature during monitoring (°C) 16.2 18.6
Reference annual temp (°C) 17.7 17.7
Defrost interval (hours) 26.7 15.3
Energy - temperature (kWh/y) 560 188
Energy - heaters (kWhly) 0 0
Energy - defrost (kWh/y) 33 84
Energy - user (kWhly) 55 44
Energy - total (kWh/y) 648 316
Ratio measured/label energy 0.74 0.68
Savings label (Old to New) 47%
Savings measured (Old to New) 51%
Householders present 2 2
Additional refrigerators 0 0
Additional freezers 0 0

Comments

Short monitoring period

New refrigerator is 30%

larger than the old one.

At house VIC03 the monitoring period for the old refrigerator is quite short (a few days) so there is some

uncertainty on usage, but the temperature and defrost characteristics were checked against several

other sites with the same model and vintage to ensure consistency.
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House SYD14

REPORT

Product ID RF0222 RF0249

Brand Hoover Fisher & Paykel
Model DA48TF RF522ADXI
Group 5T 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 476 519

Label energy (kWh/year) 1,170 586

Year purchased 1991 2012

Age when replaced (years) 21 N/A

Defrost type Run-time Variable
Defrost run time (hours) 45 -
Location/Region Sydney Sydney

Start monitoring 2013-01-08 2013-01-19
End monitoring 2013-01-13 2014-05-24
Days of data 5 489
Temperature during monitoring (°C) 24.2 20.8
Reference annual temp (°C) 210 210

Defrost interval (hours) 9.7 29.5

Energy - temperature (kWh/y) 759 393

Energy - heaters (kWhly) 0 16

Energy - defrost (kWhly) 121 37

Energy - user (kWhly) 55 44

Energy - total (kWh/y) 935 490

Ratio measured/label energy 0.80 0.84

Savings label (Old to New) 50%

Savings measured (Old to New) 48%

Householders present 2 2

Additional refrigerators 0 0

Additional freezers 0 0

Comments Short monitoring period New refrigerator is10%

larger than the old one

At house SYD14 the monitoring period for the old refrigerator is quite short (less than a week) and this
was recorded during heatwave conditions in Sydney, so there is some uncertainty on usage, but the
temperature characteristics were checked against one other site with the same model to ensure

consistency.
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House SYD15

REPORT

Product ID RF0223 RF0251
Brand Fisher & Paykel Fisher & Paykel
Model E522B E522BLXB
Group 5B 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 519 519

Label energy (kWh/year) 790 540

Year purchased 1999 2014

Age when replaced (years) 15 N/A
Defrost type Variable Variable
Defrost run time (hours) - -
Location/Region Sydney Sydney
Start monitoring 2013-01-09 2013-02-26
End monitoring 2013-02-27 2015-05-02
Days of data 48 794
Temperature during monitoring (°C) 23.1 214
Reference annual temp (°C) 211 211
Defrost interval (hours) 13.7 21.2
Energy - temperature (kWh/y) 708 353
Energy - heaters (kWhly) 0 3

Energy - defrost (kWhly) 113 63

Energy - user (kWhly) 137 87

Energy - total (kWh/y) 958 507

Ratio measured/label energy 1.21 0.94
Savings label (Old to New) 32%

Savings measured (Old to New) 47%

Householders present 4 4
Additional refrigerators 0 0
Additional freezers 0 0

Comments

Broke down at end,
poor operating ignored

New fully equivalent

At house SYD15 the old refrigerator failed at the end of its life, so this period was ignored when

developing operating characteristics.
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House SYD35

REPORT

Product ID RF0243 RF0253
Brand Fisher & Paykel Samsung
Model E442B SRL449EW
Group 5B 5B

Type Refrigerator-freezer Refrigerator-freezer
Size (litres) 442 450

Label energy (kWh/year) 680 382

Year purchased 2002 2013

Age when replaced (years) 11 N/A
Defrost type Variable Variable
Defrost run time (hours) - -
Location/Region Sydney Sydney
Start 2013-01-11 2013-07-11
End 2013-07-12 2013-10-08
Days of data 181 88
Temperature during monitoring (°C) 20.6 18.5
Reference annual temp (°C) 204 204
Defrost interval (hours) 9.2 9.3

Energy - temperature (kWh/y) 574 218
Energy - heaters (kWhly) 0 12

Energy - defrost (kWh/y) 142 97

Energy - user (kWhly) 219 109
Energy - total (kWh/y) 934 437

Ratio measured/label energy 1.37 114
Savings label (Old to New) 44%

Savings measured (Old to New) 53%

Householders present 9 9
Additional refrigerators 1 1
Additional freezers 0 0
Comments Heavy use Heavy use, new fully

equivalent

The refrigerators at house SYD35 had very heavy use for the old and new appliances, due to the large

household size (9 people).
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